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/. P. PAVLOV’S LETTER TO THE YOUTH 



* What would I desire for the youth of my country who are 
devoting themselves to science? 

First of all — consecutiveness. 1 can never speak without 
agitation about this most important condition for fruitful 
scientific work. Consecutiveness, ccnsecutiveness, and consecu¬ 
tiveness. From the very be¬ 
ginning of your work train 
yourselves to be strictly 
systematic in accumulating 
knowledge. 

Study the ABC of science 
before you attempt to climb 
to its summits. Never pro¬ 
ceed to the next stage be¬ 
fore you have mastered the 
preceding one. Never try to 
cover up the shortcomings 
in your knowledge by even 
the most daring conjectures 
and hypotheses. No matter 
how much this soap bubble 
with its beautiful and ever 
changing colours may dazzle 
your eye, it will inevitably 
burst, and nothing will re¬ 
main with you but confusion. 

Train yourselves to dis¬ 
cretion and patience. Learn to do the rough work of science. 
Study, compare, accumulate facts. 

Perfect as the wing of a bird may be, it could never raise 
the bird aloft, if it were not supported by the air. Facts are 
air for the scientist. Without them you will never be able to 
fly upwards. Without them your '^theories” will be useless 
efforts. 

But while studying, experimenting, observing, try not to 
remain on the surface of facts. Do not turn into archivists of 
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facts. Try to penetrate into the secret of their origin. Seek 
persistently for the laws that govern them. 

The second is modesty. Never think that you already know 
everything. And no matter how highly esteemed you may be, 
always have the courage to say to yourself: I am ignorant. 

Do not allow pride to take possession of you. Pride will 
make you stubborn in cases when it is necessary to give way;" 
it will make you reject useful advice and friendly aid; because 
of pride you will lose your sense of objectivity. 

.\mong the people with whom I work and whom I direct, it 
is the atmosphere that counts. We are all harnessed to one 
common task, and each propels it forzvard to the best of his 
power and ability. Among us it is often difficult to distin¬ 
guish between “mine” and “thine,” but our common task pro¬ 
gresses all the more as a result. 

The third is passion. Remember that science demands of a 
person his whole life. Even if you had two lives to give, that 
would still not be enough. Great effort and deep passion are 
required of a person by scienee. Be passionate in your work 
and in your investigations. 

Our fatherland has opened up broad vistas to our scientists, 
and we must truthfully say that our country is generous in. the 
support of science. Generous to the highest degree. 

What can I say about the position of a young scientist in 
our country? Everything is perfectly clear. He is given much, 
but much is demanded of him. And it is a matter of honour 
for our youth, as well as for us, to justify the great hopes 
which our fatherland has placed on science. ” 


/. P. Pavlov. 



INTRODUCTION 


1. Anatomy and physiology—sciences of the structure 
and functions of the organism 

The problems of anatomy and physiology. Anatomy is 
the study of the structure of the organism; physiology is the 
study of the life processes, or, as they are usually called, the vi¬ 
tal functions that go on in the organism. 

The problems presented by these sciences are not restricted 
to the simple description of facts observed. Anatomy establishes 
the general laws of the structure of the whole organism, as well 
as of its separate organs, by revealing the dependence of their 
structure upon tlie functions performed by them. Physiology is 
the .study of the interconnections existing between the different 
life phenomena, and also of the laws governing them, and their 
dependence upon the conditions of life of the organi.sm. 

The connection between structure and function. These two 
sciences — anatomy and physiology — are combined in the school 
curriculum, because they are so clo.sely connected with each other. 
In order to understand the functions of the organs — in other 
words, the work of the organs, it is necessary to know their 
structure. And, vice versa, in order to understand the structure 
of tlie oreans of the body, it is necessary to have a correct no¬ 
tion of their vital functions. 

The connection between the structure of an organ and its 
function is so great that a change in the functioning of an organ 
causes changes also in its structure. In its turn, any change in the 
structure of an organ involves a corresponding change in its function. 

A person who does gymnastics daily forces certain groups of 
muscles of his body to work intensively. As a result of the 
increase in function, the muscles increase in size and become 
stronger and firmer. On the other hand, muscles that are not exer¬ 
cised, as the result, for example, of some injury to the nerves 
leading to them, diminish in size and gradually degenerate; that 
is, they lose their normal structure. 

The importance of experimentation. As a rule, the structure 
of an organism is studied by dissecting corpses. In order to in¬ 
vestigate the life functions, it is necessary to make observations 



and experiments, that is, experiments only with the living organ¬ 
ism, since the life processes cease after death. 

Physiologists have been making experiments with animals for 
many centuries. Any operation may be performed on a dog, a rabbit 
or a frog: the lieart, or any other organ, may be cut open and its 
work obk'rved; experiments may be made with an i.solated organ, 
that is, with an organ removed from the body (for example, tlie 
stomacfi, a muscle). 

Experiments enable us to understand and to make a study of 
the separate organs. However, experiments unavoidably create un¬ 
usual, artificial conditions of work witli the organ that is being 
studied. Such artificial conditions are connected with the action 
of an anaesthetic (for example, etlier or chloroform) on the organ¬ 
ism, with the dissection of the animal’s body, and chiefly with 
the destruction of the normal interconnection between the organs. 

The great Russian physiologist, 1. P. Pavlov (1849— 1936), 
repeatedly stressed the following fact: it is possible to get a cor¬ 
rect notion of the work of an organ only if it is studied under 
the natural conditions of the whole, unimpaired organism. 

Such an approach to the study of the organism represents a new 
stage in the development of experimental physiology. 

1. P. Pavlov was a remarkable experimenter. He mastered the 
technique of surgery to perfection and could perform complicated 
and ingenious operations on dogs — operations which enabled 
him to observe the functioning of the stomach, the liver and other 
organs under the conditions of the whole organism. 

Thus, I. P. Pavlov conducted to the exterior of the body and 
grafted to the skin one of the ducts through which the pancreatic 
juice flows. When the wound healed completely and the animal 
was in a normal state again, experimenting could begin: for example, 
he gave the dog some special food and then determined the amount 
and the composition of the juice eliminated through the duct. 

The study of the human organism also requires special condi¬ 
tions of experimentation. It is quite clear that not every experi¬ 
ment may be performed on a human being. However, most of the 
physiological processes going on in the body of a human being 
and in that of an animal are very much alike. 'I'hus, in studying 
the physiology of the human being, it is possible to use experi¬ 
ments with animals as an auxiliary means, side by side with 
observations and experiments made on the organism of the human 
being. But, in doing this, one must never forget those most essen¬ 
tial peculiarities which distingui.sh the human being from animals. 

“Data,” said Pavlov, “obtained from experiments with higher 
animals concerning the functioning of the heart, the stomach, and 
other organs, which are so similar to those of the human being, 
may be applied to the human being only with great caution; there 
must be a continual checking up to determine whether such simi¬ 
larities in the activity of these organs in a human being and in 
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animals actually exist.” Wlien it is impossible to perform an expet- 
iment on a human being, the checking up that Pavlov speaks 
about is conducted by means of observing patients. Such obser¬ 
vations are one of the principal methods of studying the .pliy- 
siology of a human being. 


2. The importance of anatomy and physiology 

Man’s place in nature. Without a knowledge of anatomy and 
physiology it is impossible to have a correct understanding of 
man’s place in nature, of his relationship to animals, of his ori¬ 
gin and development. A scientific, basis for the conception of 
man as one of the links in the unbroken chain of development 
of the animal world and of nature as a whole is possible only 
by making a study of the structure and functions of the organism. 

In proving that man and animals have the same origin, ana¬ 
tomy and physiology destroy the religious myths about the crea¬ 
tion of man by a god, and help to free people from superstitious 
beliefs and prejudices. 

A study of the processes going on in the human organism has 
shown that these processes are always subjugated to the laws of 
nature, in particular to the law that operates in all nature,the 
law of the conservation and transformation of matter and energy. 
This shows how unscientific and, consequently, how incorrect it 
is to try to explain the functioning of the organism by the exist¬ 
ence of some secret “vital force” or “spirit.” 

The practical importance of anatomy and physiology. Both 
sciences — anatomy and physiology — came into existence and 
developed as a result of the practical needs of man. In order to 
cure a person of a disease and to be able to safeguard a healthy 
person against disease, it is necessary to know the structure of 
the organism and the processes going on in it. 

Without a thorough knowledge of anatomy, a surgeon would 
not be able to perform highly complicated operations that re¬ 
quire the penetration of the knife into any organ of the body - 
the heart, the brain, and the inside of the eye even. 

A study of the various organs has led to successful methods 
of struggle with very many diseases, which were formerly con¬ 
sidered incurable. The discovery of vitamins and the determination 
of their role have made it possible to find new reliable methods of 
treating and curing such diseases as scurvy, rickets, and others. 

The successful application of blood transfusion, which in many 
cases has saved the life of a patient, became possible as a result 
of the study of the properties of the blood. 

A thorough investigation of the protective properties of the 
organism has led to remarkable discoveries in the field of struggle 
against contagious diseases, and in their prevention. 



The rules of individual as well as public hygiene, tlie obser¬ 
vance of whicli is extremely necessary for the preservation of 
health, are based on the knowledge of anatorny and physiology. Many 
questions connected with the proper conditions of nutrition, with 
the general improvement of the sanatory conditions of work and 
of living, with the organization of the fight against fatigue, have 
been solved on tlic basis of tlie achievements in physiology. Phy¬ 
siology is extremely important for the proper organization of 
physical and mental labour, for the establishment of the most 
expedient alternation of work and rest. In many cases, fatigue 
lias been reduced and labour productivity increased as the result of 
a thorough study, by physiologists, of the modes of work and of 
the influences exerted on the organism by the conditions of la¬ 
bour. 


3. The contribution of Russian science to the development 
of anatomy and physiology 

Russian scientists have played a great role in the develop¬ 
ment of anatomy and physiology. The services rendered by our 
own native science in the study of higher nervous activity are 
especially great. In the middle of tlie last century, I. M. Se- 
tchenov (1829—1905), one of the greatest of Russian scientists, 
made the first attempt to give a pliysiological explanation of 
psychical activity, or, as it is called, spiritual activity. He point¬ 
ed out that physiology “holds in its hands the key to the true 
scientific analysis of psychical phenomena.” 

A number of years later, another great Russian scientist, 
1. P. Pavlov, made a study of the work of the higher division of 
the brain — the cortex of the cerebral hemispheres — and definitely 
established the fact that psychical activity is the result of the 
physiological work of the cerebrum. 

Pavlov’s work with higher nervous activity opened up a new 
field of study in physiology along advanced lines; this created a 
revolution in biology and medicine, and has also played a vast 
role in strengthening the Marxian materialistic, in other words, 
the correct scientific world outlook. 

A short time before his death Pavlov, having in mind the 
results of the physiological study of higher nervous activity, wrote: 

“We have won for the mighty power of physiological research 
tlie wliole animal organism, indivisibly, instead of only half. And 
tills is completely our Russian irrefutable contribution to world 
science, to human tliought as a whole.” 

I. P. Pavlov always claimed that science must not be separa¬ 
ted from practical life, that science must serve the people. Inter¬ 
est in questions pertaining to practice is a characteristic feature 
of our greatest scientists. In the first half of the 19th century, 



Russian scientists were already making a study of problems con¬ 
nected with blood transfusion and with the application of narco¬ 
sis. 1. M. Setchenov was constantly interested in problems of physi¬ 
ology related to practical life. He made a study of fatigue and of 
the methods of fighting it, and he is rightly considered to be 
one of the founders of the physiology of labour. I. P. Pavlov 
always tried to put his scientific discoveries into practice and, 
especially, to apply them in tlie treatment of patients. 

In the interests of surgical practice, N. 1. Pirogov (1810— 
1881), an outstanding Russian scientist, froze corpses, dissected 
them and then made a study of 
the interrelation between the 
organs and the tissues. Ilis work 
in this field laid the foundation 
of a new science — topographical, 
or regional anatomy. 

P. F.Lesgaft (1837-1909), 
one of the greatest Russian ana¬ 
tomists, did very much to estal)- 
lisli physical education on a scien¬ 
tific basis. He created a new 
approach to anatomy by his study 
of the structure of each organ in 
relation to its function. He paid 
special attention to the fact tiiat 
the structure and functions of 
the organi.sm depend on the 
conditions of life and on tlie 
e.xercise of the organs. 

Studying the questions of 
physical education exactly from 
that point of view, he worked 
out a system of exercises which 
could best develop the organ¬ 
ism. 

The work done by 1. I. Metchnikov (1845—1910), one of 
the greatest scientists of our country, on the protective qualities 
of the blood, laid the foundation of the science of immunity, that 
is, of insusceptibility to contagious diseases. 

Many Russian scientists, among them Pirogov, Lesgaft, Setchenov, 
Metchnikov and others, devoted all their powers to the ser¬ 
vice of the people. Thus, they became outstanding public figures 
and were persecuted by the tzarist government. 

The achievements of Soviet science. Anatomy and physio¬ 
logy began to flourish as never before only after the Great October 
Socialist Revolution. 

The Soviet Union has created special institutes and laboratories 
for the study of the human organism. 



N. I. Firouov 
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Pavlov and his numerous pupils and followers continued their 
study of the work of the nervous system, the digestive organs, 
the circulation of the blood, and enriched science with new dis¬ 
coveries, many of which are widely used in medicine to-day. 

Using, in particular, the study 
of higlicr nervous activity as a 
basis, scientists liave been able 



P. P. Lcsj;aft 


to treat certain psychical and ner¬ 
vous diseases by means of pro¬ 
longed sleep. 

Remarkable experiments have 
been made in the grafting of 
tissues, and even in the graft¬ 
ing of whole organs taken from 
another organism. A certain 
Soviet scientist .succeeded in 
grafting into an animal a second 
heart, which, in its new location, 
continued to contract and to pump 
tlie blood normally. 

V. P. Filatov, a Soviet 
professor, acliieved great success 
in the grafting of tissues for 
liealing purposes. lie is success¬ 
fully treating certain noxious 
diseases as, for example, lupus, 
or tuberculosis of the skin, by 
means of grafting on the patient 
pieces of skin cut from a dead 


body. It was found that the skin, like many other organs, retains 
its vital capacity long after the death of the person, and forms very 
active substances. The grafting of a piece of skin taken from a dead 
body activates not only the parts of the skin surrounding the 
grafted portion, but also other organs, forcing them to increase their 
resistance to the action of microbes. Recovery follows as a result. 


The achievements of Soviet science in the study of cancerous 


growths and many other diseases are great. 


I. THE ORGANISM AS A SINGLE INTEGRAL SYSTEM 
4. The structure and chemical composition of living matter 

The structure of an animaf ceii. The body of a human being, 
as well as that of an animal, is composed of cells. Each cell is a tiny 
microscopic organ, in which the iife processes go on, and which 
fulfils definite life functions. 
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If different organs of the human or animal organism 'are ex¬ 
amined under the microscope, an exceedingly great variety will be 
found in the forms, sizes and structures of cells. Nevertheless, it 
is also not difficult to note certain features tliat are common to 
all the cells (Fig. 1). Protoplasm’ and a nucleus may be distin- 
guished in each of the cells. Protoplasm is a semi-fluid mass, 
which makes up the chief bulk of the cell. It has an outer com¬ 
pact covering that has the appearance of a thin film; this is the 
cell membrane. Imbedded within the protoplasm is the nucleus, 
which is of a special structure and is separated from the surround¬ 
ing protoplasm by a thin nuclear membrane. 

The research work conducted for many years by the Soviet 
scientist O. B. Lepeshi n skay a has proved that living matter 
does not always have a cellular structure. 'I'he life processes also 
go on in non-cellular living matter, 
which, under definite conditions, may 
acquire a cellular structure. 

The chemical composition of iiv- 
ing matter. I'he study of tlie chemical 
composition of living matter leads 
to two very important conclusions. 

Firstly, the substances composing 
living matter consist of carbon, hydro¬ 
gen, oxygen, nitrogen, sulphur, phos¬ 
phorus, chlorine, potassium, sodium, 
calcium, iron, and many other ele¬ 
ments, which also form inorganic com¬ 
pounds. 'I'here are no special elements 
of any kind that are peculiar only to living matter and that are 
not found in inorganic nature. 

Secondly, the chemical compounds characteristic of living 
matter are of a very complex composition and are not to be 
found in inorganic nature. Most of the compounds peculiar only 
to the organism and called organic may be divided into three 
main groups: proteins, fats, carbo-hydrates. 

Proteins. Proteins are the most complex of all known chemi¬ 
cal compounds. Proteins form the chief constituents of living 
matter. Egg albumen (the white of egg) and gluten (the sticky 
substance in flour) are examples of proteins. 

The necessary constituents of proteins are carbon, hydro¬ 
gen, oxygen, nitrogen, sulphur; in additir)n, many proteins 
contain phosphorus, and various other elements in small quanti¬ 
ties. 

The molecules of proteins are huge in comparison with the 
molecules of other compounds: a protein molecule consists of 

‘ Derived from ihe Greek words: “protos" - first, original, and “plasma*— 
form, mould, i. e., something moulded. 
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Iiundreds of atoms. Proteins do not form real solutions. In real 
solutions, a substance breaks up into separate molecules, while in 
protein solutions each particle represents a whole group of mole¬ 
cules. 

An exceedingly important property of proteins is their insta¬ 
bility. 'I’liey are easily convertible; thus, for example, proteins 
curdle when heated and also when acted upon by acids and some 
otiier substances. 

Fats. Only three elements enter into the composition of fats: 
carbon, hydrogen and oxygen. A molecule of fat is much small¬ 
er than a molecule of protein. However, a molecule of fat also consists 
of many atoms; the number of atoms contained in a molecule of the 
fats most commonly found in the human organism is about 150. 

Fats arc insoluble in water. If a small quantity of any kind 
of fat (for example, sunflower oil) is shaken in a test-tube full of 
water, or still better, in a weak solution of soda, the fat breaks 
up into such minute particles that it is impossible to see them 
with tlie naked eye. A substance containing a fat broken up in 
such a way, and subdivided into such minute particles, is called a 
fat emulsion. An example of a fat emulsion is milk, in which the 
separate particles of fat may be discerned only under the micros¬ 
cope. 

When cells are examined under the microscope, very minute 
particles of fat' will often be found in them. However, the 
greater part of tlie cellular fat is contained in citcmical com¬ 
pound with the proteins, and cannot be seen with the help of the 
microscope. 

Besides fats, substances called lipides are of great importance 
in the structure and activity of cells. The lipides evidently take 
part in tlie formation of tlie outer membrane of the cell. More¬ 
over, they are found in compound with the proteins of the cell. 

Carbo-hydrates. 'Ihe various forms of sugars (grape sugar, 
lactose, or milk sugar, cane sugar), starches and plant cellulose, 
are examples of carbo-liydrates. 

Carbo-hydrates, like fats, are composed of carbon, hydrogen 
and oxygen. Usually, each molecule of carbo-hydrate contains 
twice as many atoms of hydrogen as oxygen, i. e., these elements 
are contained in the same proportion as in a molecule of water 
(HjO). Thus, for example, tlie chemical composition of grape sugar 
or glucose, found in the blood is CoHjaOs. That is how carbo-hy¬ 
drates received their name. 

Carbo-hydrates either combine with the proteins of the cell 
to form a compound, or they form specific protoplasmic in¬ 
clusions in the shape of tiny lumps of animal starch, or gly¬ 
cogen. 


‘ In order lo distiiiguisli the particles of fat from the numerous other par- 
tides ill the proloplasni, the cell must be specially treated beforehand. 



Animal and plant cells. We know from our course in botiiny 
that plant cells also contain protoplasm and a nucleus. However, 
tliey differ from animal cells in tiiat they Irave an exceptionally 
compact covering consisting of the carbo-hydrate of cellulose and 
serving as the outer skeleton. Besides this, little vacuoles filled 



I'ig. 2. Tiirec successive stages in tlic development of a plant 

cell: 

7 — nucleus; 2 — protoplasm; vacuoles conlainltB^ tlie cell sap; 4 — 
ccllul ise fneinbraiic; 5 - tne'iibraiie of the adjaetnit cell. 


with cellular juice appear in the protoplasm of tlie plant cells 
during their growth. These little vacuoles gradually increase in 
size and occupy more space than the protoplasm itself (Fig. 2). 
Animal cells do not contain such juice. 

Witii the help of chlorophyll and the energy of the sun, the 
cells of green plants form complex organic compounds out of 
carbon dioxide and water. In this respect they differ greatly from 
animal cells, which cannot form organic compounds out of inor¬ 
ganic ones, and are in need of proteins, fats and carbo-liydrates. 


5. Metabolism, or the interchange of substances, between the 
ceil and its surrounding medium 

Metabolism. Each living cell gets from the surrounding medium 
the nutritive material and oxygen that it needs. Within the cell 
the nutritive material undergoes changes and is absorbed, i. e., it 
is converted into the substance of the living cell. Alongside witli 
this building up process, the substance of the living cell is con¬ 
stantly subjected to a partial breaking down process and to oxi- 
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dation. As a result, products are formed — among them carbon 
dioxide —that are eliminated on to the surface. 

Thus, there is a continual, uninterrupted interchange of sub¬ 
stances between the cell and its surrounding medium; when meta¬ 
bolism stops, life ceases. Metabolism also goes on in non-cellular 
living matter. 

One of the most essential symptoms of life is excitability, i. e., 
the ability to respond to irritation, or, as it is usually said, to react 
to the various changes that go on in the surrounding medium. 

The active, energetic condition that arises in the cell as the 
result of irritation is called excitation. Excitation is different in 
the different kinds of cells. 

Excitability, as all other symptoms of life, disappears imme¬ 
diately if metabolism ceases. 

The role of proteins. Of all the substances that enter into 
the composition of living matter, the most complex and the least 
stable are proteins. 

The continuous chemical changes of the protein particles are 
the basis of metabolism and, consequently, also of life. When 
bodies in inorganic nature are subjected to cliemical changes, they 
cease to exist: thus, iron tliat undergoes oxidation is converted 
into rust. In the case of proteins, however, the chemical changes 
tliat take place in metabolism are a necessary condition for their 
existence. When metabolism ceases, the proteins begin to decom¬ 
pose; in otlier words, they cease to exist. 

“Life,” says Engels, “is the mode of existence of protein 
bodies, the most essential factor of which is the uninterrupted 
exchange of substances between protein bodies and the exter¬ 
nal world that surrounds them; when this exchange of products 
ceases, life also ceases, which results in the decomposition of 
protein." 


6. The reproduction of cells 

The formation of new cells. In the middle of the last century 
it was ascertained that cells were reproduced by means of division. 
At first the nucleus divides into two equal parts, then the proto¬ 
plasm divides, and thus two cells are formed out of one. Careful 
.study has shown that, with rare exceptions, the division of cells 
is a very complex process, accompanied by changes in both the 
protoplasm and the nucleus, especially in the nucleus. 

It was not so long ago that this process of division was con¬ 
sidered the only means for the reproduction of cells. However, Lepe- 
shinskaya has proved that under certain conditions cells may 
originate in non-cellular living matter also. 

The method of making "cultures of tissues.** It is very con¬ 
venient to observe the reproduction of cells by the method of 
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making cultures of living matter in a nutritive medium. Usually 
a thin piece of an organ is taken, no more than one square milli¬ 
metre in size, and immersed in a drop of the liquid part of blood 
(plasma) or in a drop of liquid taken from embryonic tissue (for 
example, from the tissue of an embryonic hen developing in an egg). 

Under proper conditions, the culture tliat has been immersed 
in a nutritive medium will show all signs of life. It consumes the 
nutritive material and eliminates the products of metabolism. Tlie 
reproduction of the cells and the consequent growth of the whole 
piece of tissue may be observed under the microscope. If the 
nutritive medium is changed at the rigid time, it is possible to 
preserve the culture for many days. If a small piece of the growing 
culture is cut off from time to time and immersed in a fresh nutritive 
medium, the culture may be preserved for years. By means of such 
repeated transplanting, scientists have succeeded in prolonging, to 
the present day, the life of a piece of the heart taken from an 
embryonic hen in 1912. 

Soviet scientists, utilizing the method of making cultures of 
tissues, are working on problems of great practical importance. 
Tiiey have had particular success in learning how tlie restoration 
of tissue takes place after an injury, and also what conditions 
most favour the rapid healing of wounds. I'lie observations of Soviet 
scientists of the growth of malignant tumours, and especially those 
of cancer, are of vast significance to medical science. 

Lepeshinskaya used the method of making cultures of tissues 
in her observations of the formation of cells out of non-cellular 
living matter. She broke up the cells of a fresh-water hydra by 
carefully grinding them in a mortar, and obtained living matter 
that had no cellular structure; this she immersed in a nutritive 
medium. Under these conditions she was able not only to watch, 
through the microscope, the appearance of tiny, barely visible spots, 
which gradually increased in size, forming little globules, but she 
also succeeded in photographing them. The globules continued to 
grow, developing into cells, Vith clearly defined nuclei and proto¬ 
plasm; at the same time the cells became mobile and kept on dividing 
into two equal parts again and again. 

The importance of the discovery of celi structure. The method 
of making cultures of tissues is one of the greatest achievements 
of contemporary science. It gives the possibility to make a study 
of living cells, not dead ones, and to observe the formation and 
development of the living cells. It has also considerably increased 
the importance of research work with the microscope. It was Engels 
who in 1858 emphasized the fact that the microscope played a deci¬ 
sive role in the development of physiology. He wrote to Marx: 
“The main fact that has revolutionized all physiology... is the 
discovery of the cell..." Almost thirty years later Engels again 
spoke about the discovery of the cell structure of organisms as 
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a factor of vast significance: “Only after this discovery was made 
did the investigation of the organic living products of nature find 
solid ground... The veil wrapping in mystery the secret of the 
creation and growth and structure of organisms was thrust aside.” 
The ever increasing success of research work with tlie microscope 
confirms the words of Engels. 

The reproduction of the cells of the developing embryo. 
The development of the embryo begins with the division of the 
fertilized egg cell. Each of the two cells formed divides again into 
two equal parts. Tlie cells subdivide over and over again, and 
their number keeps on increasing all the time. 

The reproduction of the cells of the developing embryo proceeds 
also by means of their formation out of non-cellular living matter. 
Within the yolk of the egg there appear tiny “yolk globules,” 
which can be seen only with the aid of a microscope, and which 
gradually acquire cellular structure. 

Only at the very beginning of its development does the embryo 
consist of homogeneous cells. Very quickly the cells of the outer 
layer of the embryo become clearly differentiated from the cells 
forming the inner layer. Between the outer and inner layers appears 
a tliird —middle layer, which is also different from its two enclosing 
layers. I'hese original layers of the cells, or the germ layers, re¬ 
present the first rudiments of the various organs of the body. 

The formation of tissues. The difference between the separate 
groups of cells gradually increases; the variety in their structure, 
which is connected with the physiological division of labour among 
them, becomes more and more clear. In place of the three original 
germ layers, there appear different groups of cells, which enter 
into the composition of tlie various organs and fulfil definite life 
functions. Such groups of cells, together with the non-cellular sub¬ 
stance usually found in the spaces which separate the cells from 
one another, are called tissues. 


7. The main groups of tissues 

There are four chief groups of tissues: epithelial, connective, 
muscle, and nervous tissue. 

Epithelial tissue. Epithelial, or covering, tissue (Fig. 3) covers 
and lines all the outer and inner surfaces of the body. 

Epithelial tissue forms the outer layer of the skin, which serves 
to protect the organism against mechanical, chemical and other 
influences from the outside. The epithelium of the skin consists of 
several layers of cells. 

A single layer of epithelial tissue lines the abdominal and 
thoracic cavities, and covers the outside surface of all the internal 
organs (the stomach, kidneys, etc.). Mucous membrane, which covers 
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the mouth cavity, the windpipe, oesophagus, stomach, intestines 
and other organs, consists of epitlielial tissue. Some of the cells 
of this membrane produce and secrete mucus, from which the mem¬ 
brane gets its name. Cells wliose main function is to produce and 
secrete different kinds of substances 


are called glandular cells. Groups of 
such cells may form glands — organs 
whicli produce a definite kind of juice. 
The juice is eliminated from tlie glands 
through a duct, i. e., a little tube (Fig. 4). 

A specific feature of the cells of the 
epithelial tissue is their arrangement side 
by side, in close contact with one 
another. Between the cells there are little 
bridges made of protoplasm, thanks to 
which the cells are closely connected 
with each other in their activity. 

Connective tissue. Connective, or 
supporting, tissues are formed out of the 
middle germ layer and enter into the 
composition of almost all the organs of 
the body. 

In the skin there is a layer of con¬ 
nective tissue which provides for its 
elasticity; under the skin it is the place 
where fatty matter is deposited. 

The tendons of the muscles and the 
ligaments, which hold the bones of the 
skeleton together, consist of connective 




f-'iSJ. a. A single layer of epi- 
llielium (A)-, inii'Ui-laycied 
epillieliuin (B). 


tissue. Cartilage and bone are also forms of connective tissue 


greatly changed. 


The cells of connective tissue arc not in contact with one 


another. They arc immersed in the intercellular substance which corn- 



po.ses the chief mass of the tissue (Fig. 5). 

Muscle tissue. Muscle tissue is close¬ 
ly related to connective tissue in its 
origin. Muscle tissue is formed almost 
exclusively out of the middle germ layer. 

Muscle tissue reacts to any kind of 
stimulation (electricity, acid, pricking) 


Fig. 4. Diagram of the struc- by shortening. Or, as it is usually called, 
turc of an ordinary gland: ^ contraction. This ability to con- 

r - slaiidular ccMs; 2 - excretory OX COntraCtibHUy, iS tllC SpecifiC 


property of muscle tissue. 


Muscle tissue composes more than one-third of the weight of 


tlie body. Not only the skclet.il muscles, but also the muscles of the 
internal orgatis, as, for example, the stomach, tlie intestines, the 
urinary bladder, are composed of muscle tissue. 
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The muscles of the internal organs are called smooth muscles 
(Fig. T)). They consist of very elongated cells, each of which is 



Fig. 5. Connective tissue. 

A — fibrous tissue; B — tissue of a tendon: 
1 — cells; 2 — intercellular substance. 


not more than 0,1 or 0,2 millimetres in length, whereas the breadth 
is only several microns (a micron is equal to one-thousandth of 



Fig. 6. Smoolh mu.sdc lis.suc. 


a millimetre). Arranged longitudinally within the cells are extremely 
fine threads, or fibrils, which slowly shorten when irritated, and 
in so doing bring about a contraction of the whole cell. 



Fig. 7. Diagram of a neuron: 

1 — body of a nerve cell; 2 — nucleus; 5— branching pro¬ 
jections (dendrites); 4 — axon, or neurlte; J — sheath that, 
together with the axon, forms the nerve fibre; 6 — branch¬ 
ing endings of the axon. 

In comparison with the smooth muscles, the skeletal muscles 
have a more complex structure, possess a higher degree of exci- 
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lability and contract much more quickly. We shall make a study 
of them in the following chapter. 

Nervous tissue. Nervous tissue is formed out of the outer 
germ layer. The basic property of nervous tissue is its ability to 
conduct excitation. 

Most of the nerve cells have several short l)ranching projections 
called dendrites, and one long projection, or axon. The nerve 
cell with all its projections is called a neuron (Fig. 7). The long 
projections, enclosed in a sheath, are called nerve fibres. Uniting 
in little bundles, they form the nerves. 

Specialization of tissues. The tissues of the human body are 
extremely varied. This is explained by tlie fact that the primary 
tissues become specialized in the process of long and complex 
development and are converted into the different tissues of the 
adult organism. The tissues keep on changing and increasing in 
complexity, not only during the period of the embryonic life of 
the human being, but also for a long time after birth. 

Problem. Study special ti.ssuc preparations under the microscope and make 
a drawiiij^' of llie structure of epithelial and connective tissues. 


8. The organs and systems of organs 

Organs of the body. An organism consists of organs, eacli of 
wliich has a definite structure and fulfils a definite function. 
'I’lie heart drives the blood through the blood vessels by tneans 
of its rhythmic cotitractions; the pancreas secretes digestive juice; 
the stomacli digests food and pushes tlie food into the intestines 
by means of it.s contractions; all of these are organs. 'Fheir structure 
is very complex. 

The special features in the structure of each organ are closely 
connected with the function which the organ fulfils. 

Systems of organs. In conformity with the main functions of the 
organism, all the organs of the body are divided into several groups, 
or systems. In the human being there are the nervous system (the 
brain, the spinal cord, the nerves), the digestive system (the oesopha¬ 
gus, the stomach, the pancreas, etc.), the respiratory system (the 
larynx, the trachea, the bronchi, the lungs), the circulatory system 
(the heart, the blood vessels), the excretory system, the system of 
the organs of movement (the skeleton, the muscles) and others. 

The location of the internal organs is shown in coloured plate I. 


9. The organism as an integral whole 

Isolated organs. Under certain conditions, an individual organ 
may exist also outside the organism, i. e,, isolated from the rest 
of the body. Even several hours after death, signs of life may be 



detected in separate organs or in pieces of tissue, if favourable 
conditions are created so tliat the process of metabolism continues 
in them. 

Kravkov, a Soviet scientist, cut off a finger from the hand 
of a corpse two days after the deatli of the person. With the help 
of a special apparatus, Kravkov injected a nutritive licpiid saturated 
with oxygen into the blood vessels of the isolated finger. Observing 
the finger in the course of several days, he saw that the nail of 
the finger continued to grow and that the blood vessels retained 
their ability to constrict and dilate. 

The unity of the organism. A study of the work of the separate 
organs is often made by isolating them from the organism. However, 
this method of study may be used only with the greatest caution. 
An isolated organ differs greatly from the same organ when it is 
an integral part of the whole organism. The whole organism repre¬ 
sents an integral system in which all the organs are closely 
interconnected and have a mutual influence upon each other. 

Kach reaction of the organism to external or internal stimu¬ 
lations manifests it.self in a correlated change of activity in the 
different organs of the body. Thus, while walking or running, the 
separate groups of muscles of the legs and of the trunk do not 
contract simultaneously, but in a strictly definite order; at the same 
time, the activity of the heart is intensified and accelerated, and 
respiration becomes more frequent, depending upon the needs of the 
organism. Clianges also occur in the work of other organs of the body. 

The interconnection and interactivity between the organs and, 
consequently, the unity of the organism, is maintained by the 
circulatory and nervous systems. 

The circulatory system. The circulatory system, due to the 
unceasing movement of the blood in a circuit, provides for the 
interchange of products that goes on everywhere in the body 
between the blood and the tissues. Each organ, as a result of its 
activity, eliminates into the blood different kinds of substances 
which affect the work of other organs. Thus, chemical intercon¬ 
nection and chemical interactivity is established between the organs. 

The nervous system. Coordination in the work of the organs, 
the strict subordination of their activity to the needs of the organ¬ 
ism as a whole, is provided for by the nervous system. The nervous 
system consists of the spinal cord, the brain and a great number 
of nerves, which, like the blood vessels, extend to all parts of 
the body. 

Each nerve usually has two kinds of nerve fibres: along one 
kind, excitation is tran.smitted from the various organs of the 
body to the central nervous system, that is, to the spinal cord 
and the brain; along the other, excitation is transmitted from the 
central nervous system to the working organs. The first type of 
fibres is called centripetal, or afferent; the second type — centri¬ 
fugal, or efferent. 
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The process of excitation spreads along a nerve in waves, or 
impulses,^ which travel separately, without merging with one 
another, as if they were momentary little shocks. Hundreds of 
impulses may he transmitted in the course of one second. 

The short duration of impulses and the great speed with wliich 
they travel provide for precise and swift changes in tl)e alternating 
reactions. 

We have only to watch the performance of a violinist or a pianist 
to realize what perfection may be attained by quick movements, 
coming as the result of the contraction of dozens of muscles of 
the arms and hands. 

Only by means of the nervous system can tlie organism respond 
swiftly to all possible changes arising in the external environment. 
Thus, for example, a sudden bright light, which irritates the endings 
of the afferent optic nerve, arouses in it excitation which is trans¬ 
mitted to the brain; from the brain, the excitation travels through 
the efferent nerves to the muscles, which contract, causing the 
eyes to close. 

In the same way, food that is in the mouth irritates the endings 
of the gustatory nerves and, by means of tlie central nervous 
system, produces masticating movements and also secretion of 
saliva and of gastric juice. 

Such reactions of the organism, arising in response to irritation 
and going on with the participation of the nervous system, are 
called reflexes, or reflex actions. 

The reflex as the basis of nervous activity. Reflexes are the 
basis for the regulating activity of the nervous system. Every 
ciiange that occurs in any organ of the body arouses, in the cor¬ 
responding endings of the afferent nerves, excitation, wliich calls 
forth reflex actions in the different organs. 

The leading role in bringing about the coordinated reactions 
of the organism is played by the higher division of the nervous 
.system — the cortex of the cerebral hemispheres. Long years 
of research work conducted by I. P. Pavlov proved that there are 
two kinds of reflexes. 

One kind of reflexes, called by Pavlov un-condiiioned reflexes, 
are constant; such reflexes are the jerking away of the hand when 
it is pricked, the secretion of saliva wlien food is taken into the 
mouth, the blinking of the eye at the sudden appearance of a bright 
light, etc. In animals, for example, in dogs, unconditioned reflexes 
are retained after the cerebral cortex has been completely removed. 
Only unconditioned reflexes were studied before the time of Pavlov. 

The second type of reflexes, first studied by Pavlov and named 
by him conditioned reflexes, are acquired in the course of one’s 
life and are not constant. Experiments with dogs have shown that 


‘ From the Latin word “impulsus" nicaning a blow, shock or sudden mo¬ 
mentary movement. 
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Conditioned reflexes disappear completely wlien tlie cerebral cortex 
is removed. Some examples of conditioned reflexes in the human 
being are the following: the secretion of saliva at the mere sight 
of food or at the mention of food, the jerking away of the hand 
from a wire at the words “the current is switched on” (altliough 
there lias been no irritation of the hand by a current), and others. 

Conditioned reflexes are tlie basis for liigher nervous activity 
in the human being and in animals. 

Three-fold nervous control. There are various ways in which 
tlie nervous system can influence the functioning of the organs. 
Pavlov speaks about a three-fold nervous control. 

Firstly, nerve impulses may arouse or stop the activity of an 
organ. Thus, for example, by irritating certain nerves, it is possible 
to make a muscle contract, to cause the salivary gland to secrete 
juice, or to stop the contractions of the heart. 

Secondly, nerve impulses may cause the constriction or dilation 
of the blood vessels in an organ. This brings about a decrease or 
increase in the flow of the blood. As a result of this, there are 
changes in the supply of oxygen and of nutritive substances, and 
in the elimination of the products of nietabolisni, all of which 
imiricdiately influence the work of the organ. 

Thirdly, the nervous system controls all the processes (jf meta¬ 
bolism which go on in the living organism. Any change in meta¬ 
bolism, called forth by the action of the nervous system, is sure 
to affect the work of an organ. 

Such a three-fold nervous control provides for the rapid and 
exact adaptability of an organ to the needs of the organism. 

The unity of the organism with the conditions of its existence. 
The great Russian biologist, 1. V. Mite burin, and his follower, 
T, D. Lysenko, showed that each organism requires definite 
conditions for the continuation of its life. Unity is established 
between the organism and the conditions of its existence; changes 
in the environment bring about corresponding changes in the struc¬ 
ture and functions of an organism. 

In his work of studying the unity of the organism with the 
conditions of its existence, Pavlov proved that the higher division 
of the nervous system — the cortex of the cerebral hemispheres — 
plays the leading role in the adaptability of the higher animals 
to the changing conditions of life. 

Every change in the environment may lead to the formation 
of new conditioned reflexes, that is, it may lead to the appearance 
of new reactions of the organism, thanks to which animals are 
able to adapt themselves to the changing conditions of existence. 

To a considerable extent, a person creates for himself the medium 
that surrounds him, and adjusts the conditions of life to his own 
needs. Therefore, changes in surrounding nature have very little 
influence on the human organism. It is the social environment in 
which a person lives and works that is of prime importance to him. 
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The Pavlov stage of the development of physiology. Three 
main features characterize the new Pavlov stage of the development 
of physiology: 

1) the striving to study the work of the organs under the 
natural conditions of the whole organism; 2) the i(lea of nervism, 
that is, the acknowledgement that the regulation and correlation 
of the work of all the organs is accomplished by tlie nervous 
system; 3) the acknowledgement of the leading role of the cortex 
of the cerebral liemispheres in the activity of the organism, and 
in the interaction of the organism with the outer environment. 

It is only Pavlov's physiology tliat gives scientists the possi¬ 
bility to study the organism in its unity with the conditions of 
existence. 


REVIEW QUESTIONS 

1. Enumerate the main groups of chemical compounds tiiat enter into the 
composition of cells, and give their characteristics in short. 

2. What arc the similarities in the structure and functions of plant and 
animal cells? What are the differences? 

a. What is metabolism? 

4. How does Engels define life? 

T). Explain the process of the reproduction of cells. 

G. Name the four main groups of animal tissues and state their charac¬ 
teristics in short. 

7. In what way is the unity of the organism expressed? 

5. In what way is correlation in the w(»rk of the organism accomplished? 

9. What is a reflex? 

10. What is three-fold nervous control? 


n. THE BONY-MUSCULAR SYSTEM 


10. The composition, structure and properties of bones 

The importance of the bony-muscular system. The bones of 
the skeleton provide the body with the necessary support, without 
which the body would not be able to preserve its shape. 

The movable articulations of most of the bones enable them 
to produce movements related to one another. When the muscles 
attached to tlie bones contract, they maintain the separate parts 
of the skeleton firmly in their proper positions, or, on the con¬ 
trary, set them into motion. Thus, the bony-muscular system pro¬ 
vides for all the various positions and postures that the body may 
assume in space, as well as for all the possible kinds of movements 
that we are continually making. 

In addition to this, the skeleton protects many important internal 
organs against shocks and pressure. 
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Cartilaginous and bony tissues. The skeleton appeared com¬ 
paratively late ill the process of tlie development of the animal 
world. Tlie ancestors of contemporary vertebrates possessed a car- 
iilaginous skeleton. The human embryo also has a cartilagi¬ 
nous skeleton at tlie beginning of its development, but later tlie 
cartilage gradually changes into bone. Only some bones (for 
example, most of the bones of the skull) do not pass through the 
cartilaginous stage, but develop directly out of primary connective 
tissue. 

Cariilagitwns tissue is a variety of connective tissue. 'I'he cells 
of cartilaginous tissue are found either singly or in small groups 
within a very dense, elastic intercellular .substance (Fig. 8). In an 
adult person the cartilaginous tissue is preserved only in separate 
parts of the skeleton, mainly in the form of thin plates on the 

contacting surfaces of the movable 
articulations of the bones. 

riie cartilaginous tissue is gradu¬ 
ally destroyed during the process in 
which the bony skeleton replaces the 
cartilaginous one. When the special 
kinds of cells multiply, they are con¬ 
verted oito the cells of bony tissue, 
and Jt the same time produce fibrous 
iiuercellular substance. 



Fijj. 8. (,'artilaginou.s tissue: 

/ - ^^roupis ol‘ rarlilaj»e e lls; 2 iiitt^r- 
substaiRe. 


The bundles of fibres of the inter¬ 
cellular substance assume the forms 
of thin sheets, or layers, which be¬ 
come quickly impregnated with salts 


of lime. These thin sheets arrange themselves in layers around the 


tittle canals that penetrate into the bony tissue. Blood vessels and 
nerves pass through these little canals. The cells of the bony tissue 


are situated between the bony sheets and are connected with one 


iinother by means of long projections (Fig. 9). 

The resistabllity of bones. The resistability of bones is ex¬ 


ceedingly great. It is true that even thick bones may be broken 
by a hard blow, but the bones can easily .support heavy loads 
placed carefully on them. Some bones of the human body can bear 
a pressure of more than one thousand kilograms. Such resist¬ 
ability of bones is due to the specific character of their structure and 


of their chemical composition. 

The bony sheets consist of organic substances and of miner¬ 
al matter (chiefly lime salts, and first of all, phosphate of lime), 
will! which they are impregnated. 

The organic substance in bone provides for its elasticity, while 
the mineral matter gives it toughness. If the organic substance of 


a bone is burnt out on a hot coal-fire, the bone becomes brittle 


and crumbles into a powder even at the slightest pressure on it. 
But if a piece of bone is put into a weak solution of hydrochlo- 
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ric acid, tlie lime dissolves after some time, and tlie bone becomes 
as flexible as a rubber band. 

In the course of life the composition of bone gradually clian- 
ges. The dried bone of an adult person consists, approximately, 
of two-thirds of salts and one-third of organic substance. Such a 
composition provides the bones with great resistability. 

In childhood the bones are considerably riclier in organic sub¬ 
stances, but, on the other hand, they contain a smaller quantity 
of salts. As a result, the bones of a child are more flexible and 



I’ig. 9. Diagram of llic .structure of hoiiy ti.ssuc (left—a piece 
of sawed off bone; riglit—tlie bone canal with the tissue surrounding 
it, highly magnified): 

/■- oultT surface of tlic bone; 2 — opening through which the blood vessels 
and nerves pass Into the bone; ./— longitudinal section of the canals of the 
bone; 4 — cmss-scctini of the sanie canals; o ■— bone slats of spongy bone tissue: 
6 —blood vessels and nerves inside the Ixme canal; 7—bone cells (with bone 
plates between them). 


less brittle than those of a grown-up person. That is why chil¬ 
dren, especially little children, very seldom fracture their bones 
when injured. 

As one approaches old age, the bones become more and more 
impregnated with lime; at the same time, the content of the orga¬ 
nic substances diminishes. Tlie bones become harder and harder, 
but they also become more brittle. Due to this fact, old people 
are more liable to get fractured bones when they fall down or are 
injured. 

The growth of bones. The bones are covered on the outside 
with a dense membrane — the periosteum — that adheres to it 
closely. The layer of periosteum that is in direct contact with the 
bone consists of cells which may develop into bony tissue. Mul¬ 
tiplying by means of division, these cells provide for the growth 
of the bones and for their complete restoration in case of fractures. 

In the growing bones of the extremities, between the central 
part of the bone and its ends, or balls, there are layers of car- 
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tUage, which disappear only at the age of 20 or 25. New bony 
tissue begins to form on the line of division between the central 
part of the bone and the cartilaginous layer, and, as a result, the 
bone grows in length (Fig. 10). 

'I'he bone grows in thickness by means of tlie stratification, on 
its surface, of the new bone cells which form the periosteum. 
During this process the inner layers of bony tissue are partially or 
completely destroyed. As a result of the destruction of the inner 
layers, the long bones of the skeleton assume, during their deve- 



Of a new Of a child Of a child 

born child 5 0 years old /<? h't year^i old 


10. Thigh bone of the embryo and of a 
child at various stages of its growtli: 

i4 — of an embryo <»f 2 monttis; B — of an embryo of 3 
months; C — of a new-born child; D — of a child 5 -6 years 
old; E — of a child 12-14 years old; 7 — bony lissm; in 
the central part of the bone; 2 — cartilajjinous part of tin; 
bone; :i — appearance of a cavity inside the central part 
of the bone; 4 — little i.slets of bony tissue at the ends of 
the bones. 


lopment, the appearance of thick-walled tubes. I’he tubular struc¬ 
ture of the long bones does not diminish their resistability. The 
tube has almost the same resistability as a solid rod of the same 
thickness. 

The compact and spongy material of the bone. Only a par¬ 
tial breaking down of tlie bony tissue occurs inside the ends of 
the long tubular bones, and also inside most of the otlier bones 
(for example, the ribs, the vertebrae). If we take a cross-section of 
such bones, we see a multitude of thin bone slats with spaces 
between them, tlianks to which tiie tissue is like a sponge in ap¬ 
pearance. 

Tlie destruction of the bone material goes on most easily in 
those parts whicli are not subjected to compression and extension. 
And, vice versa, the bone material that is in the direction of action of 
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these forces is not destroyed. As n result, the slats of each bone 
are arranged not accidentally, but in exact coordination with the 
direction of the forces which call forth compression and extension 
(Fig. 11). In other words, the inner structure of each bone is close¬ 
ly connected with its function. If the direction of the forces of 
compression and extension changes, a corresponding change begins 
in the arrangement of the slats. A similar re-arrangement of the 
bones may be observed, for example, after the 
amputation of a leg, and also after a prolonged 
illness, wlien a person has been confined to iris 
bed for a long time and tlie bones become dis¬ 
accustomed to tlie usual pressure of tlie weight 
of tlie body. 

Thus, the compact bony tissue is found almost 
exclusively on tlie surface of the bones. Tlie 
deeper layers of bone consist of porous, or 
spongy, bony tissue. 

The cavity inside the long bones and the 
spongy structure of all tlie other bones make 
the skeleton considerably lighter in weight, at 
the same lime scarcely diminishing tlie resista- 
bility of the bones. If the whole skeleton con¬ 
sisted of compact bony tissue, it would be about 
twice or two and a half times as heavy. 

Bone marrow. In proportion as the bony tissue breaks down, 
the cavities formed inside the bone fill up with red marrow, con¬ 
sisting of a special kind of connective tissue, very rich in blood 
vessels. The red marrow is a blood-producing organ: in it new 
blood corpuscles are formed. 

In early childhood, red marrow is found in the spongy tissue 
of bone, as well as in the cavities of the tubular bones. As the 
child grows older, the red marrow in tlie cavities of the tubular 
bones is gradually replaced by fatty tissue, wliich is called yellow 
marrow. 

Questions. 1. Why arc curvature of the spine and deformations of other 
parts of the skeleton usually observed in children? 

2. How can incorrect carriage of the body in walking and improper posture 
when sitting at one’s desk affect the skeleton? 



of ilie arrangetneiil 
of I he bone slals 
in I he upper end 
of tlie tliigli bone. 


II. Articulations of bones 

Fixed articulations. There are more than 200 bones in the body 
of a human being. These are connected with one another in vari¬ 
ous ways to form the skeleton. Articulations of bones may be of 
thelfollowing types: fixed, semi-fixed, and movable articulations, 
or Joints, 
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The fixed articulations of bones may be formed by tfie fiidng 
together of bones. Thus, in the first few years of a child’s life the 
pelvic bone consists of three separate bones, 
articulated by thin layers of cartilage (Fig. 
12). The latter are gradually replaced by bony 
tissue, and the bones fuse together. 

The fixedness, or immovability, of tlic 
skull is due to the fact tliat each bone has a 
multitude of little projections, which fit exact¬ 
ly into corresponding hollows, or depres¬ 
sions, of the adjacent bone. Such an articu¬ 
lation of bones is called a suture (Fig. IM). 

Semi-fixed articulations. Most of the 
bones have movable articulations. A small 
amount of movability is achieved by means of 
elastic cartilaginous layers between the bones. 

Such cartilaginous layers are found be¬ 
tween the separate vertebrae. When the mu.scles 
contract, these cartilaginous layers are also 
compressed, and the vertebrae are moved slightly towards one 
another. Tlierefore, wlien a person is in a reclining position and his mus- 



12. Pelvic bone of 
a child: 

/. 2, 3 — three bones wliich 
fuse together later; 4 — the 
cartilnjrinons layers between 



Fig. 13. Articulation of the bones by means of a suture: 

A —■ part of the right parietal bone from within; B - port of 
the bones of the skull Irom without; I — edge of tlic parietal bone; 
2 — suture between two parietal bones; 3 — suture between the 
frontal bone and the parietal bones; 4 — suture between the occi¬ 
pital bone and the parietal bones. 


cles arc relaxed, his body is somewhat longer than when he is standing. 
If the muscles of only one side of the spinal column contract, the 
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cartilaginous layers on that side arc also compressed, and the edges 
of the vertebrae are moved closer together. On the opposite side 
of the body, the edges of the vertebrae, on the contrary, are moved 
slightly away from one anotlier. As a result, the spinal column 
is bent in the direction of the contraction of the muscle (Fig. 14). 



14. Articulation of bones by means 
of cartilage: 

/ — \ortcbrao; 2 — cartilaginous layers betwcon tbi* vrrte- 
brac; .i — muscles between the vertebrae when the muscles 
are in a relaxed state; •/ — muscles between the verti;brae 
wlicn the muscles are in a state of contraction. 


’riuis, the vcrtel)rne, especially of the liiiiibar region and of the 
neck, can f)en(l toward or away from one another. 'I'hc spinal 
column, as a wliolc, allows for a considerable scope of movement and 
can be bent far forward, backward or sideways. 



rig. 15. Cro.ss-scction of the elbow Joint show¬ 
ing the flexing and the extending of the arm 
at the elbow: 

1 - bumerus; 2 — ulna; .? — joint capsule; ■/ — joint surface 
of the bones covered with cartilage; .5 — muscles. 


Joints. Joints are movable articulations of bones, formed by 
means of special capsules (Fig. 15). 

The Joint capsule consists of very compact connective tissue. 
Within the walls of the capsule and surrounding it, there are tough 
and tendinous Ugcunents, The edges of the capsule, together with 
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the ligaments, grow fast to the bones at some distance from their 
contacting surfaces, and close the cavity of the joint liernietKally. 

The contacting, or joint, surfaces of the bones fit compactly 
together. They are covered with a layer of cartilaginous tissue. 
The smooth cartilage considerably lessens the friction between 
the bones, and thus facilitates their movement. The liquid, which 
is constantly being secreted on the inner surface of the capsule, 
also helps to lessen the friction, and therefore acts as a lubricator. 
Furthermore, the layers of elastic cartilage receive the impact of 

hard blows, thus safeguard¬ 
ing the body from any 
violent shocks. 

When the joint is subjected 
to a strain, a negative 
pressure is exerted in it, 
due to the fact tliat the cavi¬ 
ty of the joint is hermetical¬ 
ly closed. This negative 
pressure prevents the bones 
from moving apart and pro¬ 
vides the joint with great 
resistability. If the joint cap¬ 
sule is pierced, air enters and 
no negative pressure is crea¬ 
ted. Therefore, a joint with a 
pierced capsule has consider¬ 
able less resistability; if 
such a joint is violently 
strained, the bones are moved 
apart and a dislocation of 
the bones may occur easily. 

By observing our own movements, it is not difficult to see 
that the movements in the various joints are different. Some joints 
allow for movement in one plane only (for example, bending and 
straightening); others permit movements along two respective per¬ 
pendicular planes (for example, movement from side to side, as 
well as bending and straightening); a third kind provides for move¬ 
ment in any direction (bending and straightening, movement from 
side to side and rotating movements). 

The range and direction of the movements depend on the forms 
of the joint surfaces. 



I-ig. 16. Diagram ol the chief forms of joint 
surfaces: 

/ and 2 — spliorical form (movement Is possible in all 
directions); 3- saddle-like form (movement is possi¬ 
ble aloiij^ two respective perpendicular planes); 4, 3 
and 6 — cylindrical form (movement is possible alonjf 
one plane). 


Question, Explain why the exact mca.siirements taken of a person’s height 
in the morning will differ from those taken in the evening. When is a person 
“taller” —in the morning or in the evening? 

Problem, By means of observations made on yourself, and by studying 
the bones of a skeleton, and also using figure 16, determine the dependence ot 
movements on the forms of the joint surfaces of bones; then answer the fol¬ 
lowing question: Wiiicli joints of the skeleton permit nioveniciils —a) in one 
plane, b) in two respective perpendicular planes, c) in any direction? 



12. Dislocations and fractures of bones 


Dislocations of joints. Any violent careless movement, a jump, 
fall or knock, may result in an injury to the skeleton: for example, 
ill the dislocation or fracture of a bone. In case of a dislocation, 
tlie bones at a joint are wrenched from their proper positions, i. e., 
tlie ball of one bone slips out of the socket of another bone into 
which it fitted. When this happens, the ligaments are strained and are 
often even torn apart. Dislocations are often accompanied by severe 
pain, especially when an attempt is made to move the injured joint. 

First aid in case of dislocations. If the aid rendered, in case 
of a dislocated bone, is not of the proper kind or is rendered 
too late, serious complications may set in. Therefore, two basic 
rules must be observed when giving first aid to an injured per¬ 
son: firstly, never attempt to set a bone or joint yourself; second¬ 
ly, put the injured part of the body into the most comfortable 
position, so that it is in a state of rest and will not move, and 
then get the aid of a doctor immediately. 

Fractures of bones. Fractures rarely occur in childhood and 
in early youth. The bones of middle-aged people, especially those 
of old people, are far more liable to be fractured; this is due to 
clianges that take place in the composition of the bones as a per¬ 
son gets older, Sometime.s, when there is an excessive reduction 
in the content of organic material, the bones become so brittle 
that even a slight kiicrck, lifting up a heavy weight, or making 
some vitilent movement, may cause the bone to crack or may bring 
about a complete fracture. 

First aid in case of fractures. In cases of fractures, as with 
dislocation.s, the first thing to do is to render first aid: the in¬ 
jured part of the body should be put into a position of complete 
rest, and should not be moved. This is all the more necessary in 
order to prevent the sharp ends or splinters of the fractured bone 
from tearing the skin and, what is still more dangerous, from 
doing any harm to the nerves and to blood vessels. 

Bandage and splints are used to bind up a fractured bone. 
Splinfs are inserted in the bandage to prevent any movement of 
the injured part of the body. Thin wooden boards, strips of thick 
cardboard, sticks, small bundles of twigs, or other kinds of mat¬ 
erial of a suitable nature may be used as splints. Some soft pad¬ 
ding should be placed between the body and the splint. The splints 
should extend beyond the border of the broken bone. Thus, in case 
of a fractured leg, the splint should extend from the heel to at least 
a part of the thigh; in case of a fractured thigh, one end of 
the splint should be on a level with the chest, and the other should 
extend to the lower part of the leg (Fig. 17). The splints should 
be bandaged tightly, but without any strong pressure on the in¬ 
jured part of the body. Clean pieces of cloth, towels or handker¬ 
chiefs may be used instead of bandage. 
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If no splints are to be had, the l)foken arm may be bandaged 
to tlie trunk of the body, and the broken leg to the other leg. 

Sometimes, as the result of a fracture, tlie skin is torn away 
and an open wound is formed. In cases of sucli complicated or 
open fractures, it is necessary, first of all, to bandage the injured 



Fig. 17. Application of a splint in case of a fracture of the thigh. 

part to prevent any dirt from getting into the wound, and thus 
give it no opportunity to fester as a result of dirt. 

In all cases when a fracture may be suspected to exist, the 
doctor should be called for immediately, or the injured person 
should be taken to the hospital after first aid has been rendered. 
It is also necessary to remember that the injured person should 
be carried or transported with the greatest care. 


13. The structure of the human skeleton 

The similarity in structure between the skeleton of the 
human being and that of animals. 'I'he common features in the 
structure of a human being and in that of vertebrate animals are 
especially striking when we compare their skeletons. The chief 
bones of even such animals as birds, reptiles and amphibians, whicli 
are so unlike man in appearance, are the same as those of man. 

The spinal column, which consists of separate vertebrae, va¬ 
rying in number, is the main support of the skeleton of all these 
animals. There is much in common in the structure of the skull 
of all these animals. Even the extremities, which in various ani¬ 
mals are so different in outward appearance as well as in function, 
have a structure that is common to all vertebrates. If we compare 
the flipper of a whale, the wing of a bird, the paw of a salaman¬ 
der and a mole with the hand of a human being (Fig. 18), we find 
the very same basic bones. 

Such similarity in the structure of the skeleton of a human 
being and of the skeleton of vertebrates may be explained by the 
fact that they have a common origin. Differences arose under the 
influence of the dissimilar conditions of life in which tlie animals 
found themselves. The similarity between the liuman skeleton and 



the skeleton of his nearest of kin in the animal world — the man¬ 
like ape (Fig. 19 and 20) — is especially great. 

Erect posture and working activity. In spite of the undoubt¬ 
edly great similarities in the skeletons of all vertebrates, the hu¬ 
man skeleton possesses some exceedingly essential peculiarities of 
its own. These peculiarities arc closely connected witli the transi¬ 
tion of the ancestors of contemporary man to erect posture and to 
working activity. 

All mammals, except the Iiuman being, support themselves on 
all four extremities in walking. Even the apes are not exceptions, 
for in locomotion they use not only their hind legs, but, to a great¬ 
er or lesser extent, also tlieir forelegs. It is true that in apes, 



SALAMANDER S/RD WHALE HUMAN BEING 

h'ig. 18. Skeletons of llie frontal extremities of various vertebrates. 

the division in function between the hind legs and tlie forelegs is 
very clearly defined. With the help of their forelegs, apes build 
shelters and retreats for themselves and defend themselves from 
enemies by snatching up a stick or by throwitig stones. But ‘ne¬ 
ver, and at no time,” .says Engels, “has the liand of an ape 
worked out even the rudest kind of a stone hatchet.” 

As the result of changes in the conditions of life, the hand of 
tlie ape-like ancestors of man became gradually more and more 
free, and served him less and less often as a support in walking. 
The complete transition of the body to an upright position and 
to walking on two legs was the final step that freed the hand 
for work. The further perfection of the hand took place in the 
process of work and under the influence of work. 

The transition to the upright position left its mark on the whole 
human skeleton. 

The spinal column. The spinal column of a human being 
(Fig. 20) consists of 7 cervical, 12 thoracic, 5 lumbar, 5 sacral 
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nnd 4 or 5 coccygetjl, or cniickil, vcrtobrno. 'file k'^tnl niiiiil)cr of 
vertebrae is or ‘M. 

A separate vertebra (Fij^. ^1) is bony ring with a greatly 
thickened frontal part - ihc body, and witli several projections to 
wliicli the muscles are attached. Since the vertebrae are arranged 
one above the other, the rings of vertebrae form a tube, which 
holds the spinal cord. Between the bodies of 
adjoining vertebrae there are rather thick carii’ 
laginons layers, tlianks to which the spinal col¬ 
umn possesses elasticity and molulity. 

Tlie sacral verte]>rae 'Dcgin to fuse together 
in childhood, and form a single sacral bone, 
the sacrum, in the adult. 

In mammals, the great number of coccygeal 
vertebrae form the skeleton of the tail. The 
far-off ancestors of man also had a tail. As proof 
of this, we see the remains of the tail skeleton 
of the human being in tlie form of 4 or 5 un¬ 
developed coccygeal vertebrae. 

In animals, the spinal column extends along 
the trunk of the body in an almost straight 
line, forming only one cervical curve. 'I'lie spinal 
column of a human b.eing has thoracic, lumbar 
and sacral curves besides the cervical curve 
(Fig. 22): and it is these curves, formed as a 
result of the uprigiit position of the body, that 
especially differentiate man from other verte¬ 
brates. 

Because of these curves, the centre of gravity 
of a person standing is carried backwards and 
is on a perpendicular line, passing between the 
feet, nearer to the heels. Such a position of the 
centre of gravity helps to maintain the balance, 
Yi^. If). Skeleton makes walking on two legs much easier, 

of ail apr. The curves give more elasticity and flexi¬ 

bility to the spinal column. The spinal column 
acts like a spring in walking, running or jumping, or in making 
any violent movements; in this way it safeguards tlie head, and 
therefore also the brain, against shocks and concussions. 

The thorax. The thoracic vertebrae take part in the formation 
of the thorax (Fig. 23). A pair of ribs extends from each thoracic 
vertebra, one on either side of it, and forms a movable articula¬ 
tion with the vertebra. The front ends of the ten upper pairs of 
ribs form articulations with the sternum, or breast-bone, by means 
of cartilage; moreover, the cartilages of the 8tti, 9th and 10th pairs 
of ribs are fused together and articulated with the cartilage of the 
7th pair. 'I'lie 11th and 12tii pairs of ribs are not attached to the 
sternum and have free ends. 




'I'he thorax protects the lungs, the heart, and also the organs 
of the upper part of the abdominal cavity, from shocks and in¬ 
juries. 

The thorax of the human being is v/ide, but it has a short 
diameter from front to back. Sucli a shape of the thorax is con- 



Fig. 20. Skeleton of a liumaii being: 

/--piirh.!lal bone; 2 — frontal bone; ,V—temporal bone; - occipilal bom*; 

> " tipper jaw; 6'—lower jaw; 7 ■—clavicle; scapula; P — hutnerus; 

10-■ ribs; //--sternum (breast-bone); 72 —spinal column; /,■/ —radius: 

/^ — ulna; /J — carpus; /O’— metacarpus; /7 — bom?s of tlur finders: 

/.V— sacrum; /V — coccyx; 20 — pelvic bones; 2! — lemur; 22 — patella 
(knee-capi; 2./ —tibia; 2-/— fibula; 25 — tarsus; 20 — metatarsus, and the 
bones of the toes t»t the foot. 

needed witli the upright position of the bodj', and helps to maintain 
tlie equilibrium. Among quadruped,s, the tliorax is narrower and 
longer, with a greater space^between the spinal column and the 
sternum; the thorax is flattened, so to say,'Jrom -side to side lie- 
tween the forelegs (Fig. 24). 
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Kig. 21. Vertebrae {A — side view of lliiee lower thoracic verte¬ 
brae and one upper lumbar vertebra; B — lop view of a thoracic 

vertebra): 

/ —body of the vertebra; 2 — arch of the vertebra; transverse projections; 
4 — spinous projection; 5 — joint surfaces which connect one vertebra with ano¬ 
ther adjoininjf it; 6‘—joint surfaces which conncfct a vertebra with a rib. 



Fig. 22. Curves of the .spinal column of a dog and of a human being. 



The shoulder girdle and the pelvic girdle. In the upper part 
of the back there are two flat bones — the scapulae, or shoulder 



Fig. 23. Thorax: 

7 — sternuin (breast-bone); 2 — spinal column; J — cartilaginous 
parts of tlic ribs; 1—XII — ribs. 

blades; tliey are attached to the spinal column and to the ribs 
only by means of muscles. Each scapula is articulated with the 



^ 2 
Fig. 24. Diagram showing Ihc difference in shape 
between the thorax of an animal and that of a human 
being: 

7 — narrow thorax of a sheep; 2 —• wide thorax of a human 
bein^, showing the short diameter from front to back. 

clavicle, or collar-bone, which, by its other free end, is articula¬ 
ted with the sternum. 

The scapulae and clavicles encircle, as it were, the upper part 
of the trunk of the body, thus forming a girdle of the upper extrem- 
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ities — the shoulder girdle. The outer corners of the scapulae are 
articulated with the balls of the humeri of the arms. 

The girdle of the lower extremities is the pelvic girdle, or pel¬ 
vis. It consists of the sacrum and of tlie fixed articulations of two 


pelvic bones, which, in front, form fixed articulations also with 
one another. The pelvic bones, like the scapulae, have round 



sockets into which the balls of the 
femurs of the legs fit snugly. 

The pelvis of a human being is 
wider than that of animals, and has 
the shape of a bowl. It is quite under¬ 
standable why this is .so. In animals, 
the viscera of the abdomen rest witl) 
all tlieir weight on the walls of the 
stomach, whereas in man they are sup¬ 
ported by the pelvic bones. Thus, the 
shape of tlie pelvic bones of a human 
being is connected witli the upright 
position of the body. 

The extremities. The bones of 
the upper and lower extremities have 
very much in coiianoii, although there 
are some differences also (Fig. 25 
and 26). 

In tlie upper extremity (tlie arm) 
we may find: 1) the humerus, forming 
a movable articulation with the sca¬ 
pula; 2) the forearm, consisting of two 
bones — the ulna and the radius; 


I'ig. 25. Skeleion oi ilic upper 5) the hand, composed of the small 

pxirciiiitics, with the palm of tlie bones of the carpus, of the five long 

hand turned forward and hones of the metacarpus and of the 

(twoi,.ite,hu„.b 

, , ., „ , d , iiud three in each of the four fingers). 

/ — clavicle; 2 — scapula; liunur- xir i i. , • . 

us: ulna: .5-radius: ft-carpus: Wc tuhI Corresponding parts in the 

7-n,ct.-,carpus; ot 11 k- tiu- extremity (tlic leg): 1) the thigh 

(femur); 2) the leg, consisting of the 
tibia and the fibula; 3) the foot, made up of the bones of the 
tarsus, metatarsus and of the toes. 

The femur, togetlier with the tibia, form the knee Joint, to 
the front part of which adheres a little bone, called the patella, or 
knee-cap. The large projection of the upper part of the ulna, in 
the upper extremity, corresponds to the knee-cap. 

If we compare the human arm with the foreleg of animals, we 
find that the joints in the human being are more movable than 
those in animals; the bones of the carpus and the metacarpus form 
the wide palm; the thumb is diametrically opposed to all the other 
digits. The differences in structure are the result of differences in 


38 




function. Animals use tlieir frontal extremities together with their 
liind extremities mainly for the purposes of ^ locojiiotion, but 
the upper extremities of a human being are organs 
of work. jjiPN 

'I'he legs are the organ of walking, and are the /Wp \ 
only support of the body when a person is stand- 
ing. Therefore, all the bones of the legs are more 
massive than tlie bones of the arms, while the foot / 

serves as a broad and stable support. 

The skull. Tlie skull has two main divisions Vsi 
(Fig. 27 and 28): firstly, tlie cranium, or the brain- \w 
pan; secondly, the bones of tlie face. 

The cranium, forms a large cavity which holds 2 ^1 
the brain. Tlie cranium is composed of the follow- VA 

ing bones: the frontal bone, two parietal bones, V| 

the occipital bone, two temporal bones, the sphe- \\ 

rioid and eihmoid bones. All these bones form fixed | I 

articulations with one another by means of sutures. 

In the bones of the cranium there are a great num- 
ber of tiny openings, through which the blood 

vessels and nerves pass. Within the temporal bone 
is situated the organ of hearing, into which a wide jj 

duct ■— Ihe external cniditory meatuii — passes. j 

llie cranial cavity is connected with the ver- , 

tebral canal by means of the big opening of the ^ j 1 1 
occipital bone. The spinal cord enters the brain if 

on a level with the articulation of the upper cer- /pA 

vical vertebra and tlie occipital bone. 

The bones of the face form the bony frame- 
work of the upper parts of the respirafory and 
digestive organs. Tlie bones of the face arc com- 
posed of the upper and lower jaws, the cheek bones, 
the palatine bones, the vomer, the nasal bones, 

the lower nasal conchae and the lachrvmal bones Fig. 26. Skeleton 

(Fig. 29). " 

The maxillary bones and the palatine bones . 

form the hard palate, that is, the bony partition . 9 ~pa- 

between the nasal and mouth cavities. All these nbuVa'^^^bonesVf 
bones, together with the nasal bones, form the side the tarsus: 7--bonos 
walls of the nasal cavity. The vomer and the lower Rus: H — bones of 
part of the ethmoid hone divide the nasal cavity 
into right and left halves. 'I'lie upper surface of 
the ethmoid bone has a great number of little openings, through which 
the olfactory nerves pass from the nasal cavity into the cranial cavity. 
The projections of the ethmoid bone form the upper and middle na¬ 
sal conchae; the lower nasal conchae are separate little bones. 

The cheek bones, uniting the upper jaw with the frontal and 
temporal bones, reinforce, as it were, the bones of the face. 
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The eye sockets, or orbits, are formed by several bones, name¬ 
ly: the maxillary bones, the frontal and cheek bones, the sphenoid, 
ethmoid and lachrymal bones. 

The lower jaw is the only movable bone in the skull. Inside 
the lower and the upper jaw bones there are canals, through which 
blood vessels and nerves pass to the teeth. 

Among animals, the bones of the face play a great role as an 
organ of attack, and of defence from enemies, 'i'his accounts, to a 

,1 



h'ig. 27. Trout view of llie skull: 

7 ~ froiit:il iKnic: 2 — pariolul bone: — tL'inporal 

bone; - yy^'^oinatic fcheeki bone; .5 —nasal bone; 
ti — iip]»cr jaw; 7 — lower jaw: 9 — sphenoid bone; 
ll — elli:noid bone. 

great extent, for the powerful development of the facial bones, the 
size and weight of which in many animals are greater than the 
size and weight of the cranium. 

With the transition of the ancestors of man to erect posture 
and with the liberation of the upper extremities, the bones of the 
face lost their role as an organ of attack and of defence. Like¬ 
wise, the masticatory functions of the jaws became weaker when 
the custom of preparing food before eating it came into existence. 
In contrast to this, the brain, which plays such an important role 
in working activity, underwent a very high development. It 
achieved dimensions far exceeding the size of the brain in animals. 
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I'ig. 2^^. Side view of the skull: 

- iVoiitiil l)oue: —parietal bone: J- icnipoial bon* : 4 — /ym)- 
alic (cheek) bone; S — nasal bone; 6’ - tipper jaw; 7 — lower jaw 
occipital bo/ic; 7 — sphetioid bone; amiilory openiuj;. 



1 ig. 29. Cross-section of the facial part of the skull: 

7 — upper jaw-; 2 — palatine bone; .? - lower nasal concha; 
/ — upper and middle nasal conchae: .'5- nasal bone; 6‘— sphe¬ 
noid bone. 



All this led, on the one hand, to the poor development of the 
facial bones, particularly of the jaws, and, on the other hand, to 
the powerful development of the cranium. 

When the body is in a horizontal position, the head naturally 
iiangs down. In animals, the head, with the large and heavy bones 
of the face, is supported by strong occipital muscles. On the sur¬ 
face of the animal skull there are large projections and ridges 
that serve to strengthen the occipital muscles, as well as the strong 
masticatory niiiscles. 

The head of a human being is supported at the base. When tlic 
head is lield in an upright position, its centre of gravity is moved 
very sliglitly to the front of the point of support. Althougli the 
head of a human lieing falls forward wlien the muscles are relaxed, 
no great strain of tlie muscles is needed to support the head in 
its proper pcisition. Tliis explains the poor development of the 
occipital muscles in the fiuman being. The masticatory muscles are 
also poorly deveU^ped and correspond to the comparatively small 
size t)f the lower jaw. Due to the absence of strong muscles, the 
surface of the human skull has no large projections and ridges on it. 

Question. What parts of itu' skclfloii servo as a protection to the organs 
and wliat organs does tlie skeleton protect? 


14. The structure and properties of skeletal muscles 

The structure of a skeletal muscle. In the beginning, tlie ske- 
letcil muscles of the embryo differ very little from the smooth 
muscles. Then the muscle cells begin to develop very tpiickly, some¬ 
times growing to a length of 10 to 12 centimetres; during this 
growth the nucleus keeps on dividing repeatedly. As a result, a long 
muscle fibre is formed, which contains many nuclei and tliiis cannot 
be called a cell any longer. 

The fibre of the skeletal muscle is made up, as it were, of a 
great number of cells that arc inseparable from each other. Such 
a complex structure, in which it is impossible to separate the indi¬ 
vidual cells, is called syncytial sfntciure. 

All the protoplasm of the muscle fibre is almost completely 
filled up with very minute fibrils, which extend tlirough the whole 
length of tlie muscle fibre. When examined under the microscope, 
the fibrils are found to consist of evenly alternating bands, one 
of which is of a light colour and the next of a dark colour. The 
light and the dark coloured bands of all the longitudinal fibrils lie 
on one transverse level, and the whole fibre is diametrically crossed 
with stripes (Fig. 30). That is why the skeletal muscles are called 
cross-striated, or striated, muscles. 

The contraction of a muscle. The contraction of a muscle 
takes place as a result of the shortening (the contraction) of the 
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dark sections of its fibres. Wlien tlie muscle fibres shorten, tliey 
become thicker, like a rubber band that is released after it has 
been stretched. It is clear that the whole muscle becomes thicker 
and shorter when it contracts. 

The smooth muscles possess a comparatively low degree of 
excitability, and contract very slowly. The striated muscles, on tlie 
contrary, are easily excited, and the process of contraction goes 
on with great rapidity in them. The skeletal muscles of a human 
being may contract more than 10 times a second, but the striated 
muscles of the wings of insects may contract 200 or even 300 
times a second; however, it takes the muscles of tlie stomach and of 
the intestines, which consist of smootli filires, several seconds to 
make one contraction. 

The response ot a muscle to stimulation. A muscle cut from 
tlie body of a frog contracts if it is pricked with a pin, hit with 
a pair of pincers, touched with a wire heated in the fire, subjected 
to tlie action of an electric current, 
or if a crystal of sodium cliloride 
is placed on it. In otiier words, 
any stimulation — meclianical, ther¬ 
mic, electrical, chemical — lirings 
about contraction in a muscle. 'I he 
one important condition is that the 
stimulation should be of sufficient 
strength. 

Tlie muscles of the living body 
may be subjected to the action of 
such artificial stimuli only in ex¬ 
ceptional cases. The normal, natural stimuli of our muscles are 
nerve impulses. 

This may be easily ascertained by an experiment with a skele¬ 
tal muscle, together with the nerve leading to it, cut from the 
body of a frog. 

riie contraction of such a muscle can be readily observed, if 
one end of the piece of muscle is fixed tightly in place by a 
clamp, and the other end is attached, by means of a piece of 
thread, to a lever (Fig. 31). The movement of the lever will re¬ 
cord, with great exactitude, each contraction of the muscle called 
forth in response to the stimulation of the nerve by an electric 
current. 

The nerves which enter the muscles consist of a great number 
of nerve fibres. Inside the muscle, each fibre branches out many 
times, thus supplying nerve endings to a whole group of separate 
muscle fibres (Fig. 32). 

Impulses from the endings of efferent nerve fibres are transmit¬ 
ted to the muscle fibres, and they contract. If there is a simulta¬ 
neous excitation of all the fibres, the muscle contracts with the 
greatest force. If the wave of excitation affects only 50 or 25 per 
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I'ljf. 30. Fibres of striated mu.scle: 

/ — oiidinjT n norve fibre; 2 — part of 
llie miisclf fibre in a state of contraction. 





cent of the nerve fibres, the number of contracting muscle fibres 
and, consequently, the general force of the muscle contraction 
also, is reduced to one-lialf or one-fourth. A minimum contraction 



Fig. 31. Record of the contractions of a muscle of a frog on tiie 
blackened surface of a rotating drum: 


/ — muscle with a nerve Icadinjr to It (2)\ 5—lever which records the contrac¬ 
tions on the drum of the kyinograph (r>K ^ — axis of rotation of the lever; .5— load 
which pulls the lever down: 7 — electrodes on which lies the nerve: the connection of 
the electrodes with the source of the current is shown. 


of the muscle takes place when only one nerve fibre is stimula¬ 
ted. 'riie muscle responds to each wave of excitation travelling 
along the nerve by a contraction which, in most of our muscles, 

lasts about 0,1 of a second. 

Impulses coming from 
tlie central nervous system 
to a muscle always follow 
one another with great fre¬ 
quency, and the muscle has 
no time to relax after each 
of its contractions. I'his 
causes the separate contrac¬ 
tions to merge into one long, 
or tetanic, contraction. 
'I'hese arc the usual types of 
contractions of skeletal 
muscles which we may ob¬ 
serve in any of the move¬ 
ments of our body. 

The attachment of the 
muscles to the bones. 
Muscles which are attached by one or both of their ends to the bones 
of the skeleton are called skeletal muscles. They are covered with a 
thin elastic membrane. The muscle usually terminates, at each of its 
ends, in very strong white cot— tendons, which fuse together 
with the periosteum. In most cases, the two ends of the muscle are 



Fig. 32. Nerve ending.s in a skelelal muscle: 

] — muscle fibres; 2 — tendon of llic muscle: S — end¬ 
ings of the efferent (motor) fibres: 4 and .5 — endings of 
llic afferent (sensory) fibres in the tendon and in the 
muscle; 6 — blood vessel; 7 — nerve fibre leading to the 
vessel; 8 — nerve fibres influencing metabolism in the 
muscle. 
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attached to two adjoining movable articulations of bones; some¬ 
times the tendons extend over a long distance, passing over two or 
more joints (Fig. 33). 

When the muscles contract, they shorten, and either produce 
movements of the body or maintain the body in a definite position. 

Movements caused by the contractions of muscles. In tlie 
17th century, scientists already looked upon 
the bones as levers, wliich were set into motion 
by the muscles. And, indeed, most of the 
movements of our body are produced on the 
principle of the lever, as the diagrams show. 

Movements of the separate parts of tlie 
body are made most often according to the 
principle of a lever of the second order, in 
which the point of support is along the line 
that unites the points of the application of 
power and of resistance. In most cases, the 
point of attachment of a muscle is much nearer 
to the point of support than the centre of gra¬ 
vity. Therefore, the muscles must develop very 
great power in order to overcome the resistance. 

However, in so doing, there is a considerable 
gain in tlie scope of the movements. 

.Ground a joint there are usually several 
muscles, eacli of which, in contracting, brings 
about some kind of a definite movement. 

Due to the contraction of a dozen differ¬ 
ent muscles at the elbow joint, the forearm 
bends (or flexes) and straightens out (or ex¬ 
tends) and the hand turns inwards and out¬ 
wards (Fig. 34). The movement resulting from 
the contraction of each muscle depends on pjg 33 Attacliineiit 
the location, on the bones, of the points of toihebone.sof a muscle 
attachment of tlie muscle. Thus, when the hint straigntens out 
brachial muscle, attached to the front surfaces lingers of the hand: 
of the humerus and ulna, contracts, it bends tie"iSww 

the elbow joint; the two-headed muscle (the end of the immerus; 2 - 
biceps) of the upper arm, which is attached are"atta*hod® to ttie bones 
by its lower end to the inner surface of the ?L“long^'"eiidJli “ of''“'ihe 
radius, not only bends the elbow joint, but muscle, 

also turns the hand far outward with force; 
the three-headed muscle (the triceps) of the upper part of the 
arm is attached by its lower end to the posterior surface of 
the ulna and, in contracting, straightens out the arm at the 
elbow. 

The muscles located around a joint may contract either separate¬ 
ly or simultaneously in one combination or another; simultaneous 
contractions occur most frequently. The variety of the movements 
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produced by us is due to 
siiMultaneously contracting 



l ijT;. ;V4. Diaj^riiMi c»f llic allcr- 
contraclion and rclaxa- 
lion of anlagonislic imisclcs. 

2. In the safiu* way afialyzc 
ankU- joini wIumi Vdii ^laud on 


tile variety in tlie combinations of the 
muscles. At tlie same time, tlie contract¬ 
ing power of each muscle taking part 
in the movement is of great signifi¬ 
cance. 

The simultaneous contraction of 
the antagonistic muscles—for example, 
the bracliial muscle (which bends the 
arm at the elbow) and the triceps 
(which straightens out the arm) may 
not produce movements, but, as the 
result of sucli a contraction, the joint 
is fixed firmly in a definite position. 

Problem. 1. Examine the movable arlic- 
iilalion of ilie skull with the spinal column 
(Fig. ao); find tlie point of support, the 
point of the applicaiion of power (the place 
where tlie muscle is attached) and the point 
of the application of resistance (on the line 
of the centre of gravity of the head); using 
the diagram in the upper part of the figure, 
determine the type of lever for this case, 
the action of the gastrocnemic muscle on tfie 
tiptoe (Fig. ac>). 




Fig. ;r). Diagram of the ac- Fig. 30. Diagram of the action 

lion of the occipital muscles of the gastrocnemic muscle at 

supporting the head. tlie ankle joint. 

O— point of support: F— point of the application of power (point where the muscle 
is attached); P point that bears llio resistance. At the top is the diajrram of a lid 
raised with a stick; the p«)silioTi of points O, F and P are exactiv the same. 



a. Make a similar analysis in relation to the betulinn of the arm at llio 
elbow (Ng. a?); explain why the lever, illuslralecl in the left part of the 
Figure (llic so-cullcd lever of llie third order) is rurelv used in teclinics. 



a?. Diaj'rai of the arm bent at the elbow. The denolations are the 
'attie as in fig. a."i and ao. 


15. The principal groups of skeletal muscles 

The body of a liumaii being lias more tliaii bOO skeletal mus¬ 
cles (Fig. 38 and 39). Uicy may be divided into several main 
groups, using as a basis for this division their participation in the 
various niovenienls of the body. 

The muscles of the head. The muscles of the head consist 
of tlic masticatory muscles and of the muscles tliat produce facial 
expressions. 'Hie contraction of the masiicatcry mtisclos protiuces 
movement in the lower jaw. The muscles that produce facial 
expressions are attached to the skin by one and sometimes b>’ 
both of their ends. When these muscles contract, separate parts 
of the skin are sliifted from one place to another, thus producing 
the various expressions of the face. The circular muscles of the 
eyes and of the mouth, the contractions of which cause the com¬ 
pression of the eyelids and of the lips, are muscle rings tliat lie 
under the skin. 

The muscles of the trunk of the body. I he muscles of the 
trunk of the body consist of the muscles of tlie thorax, the stomach 
and the back. 

The muscles of tlie thorax, located between the ribs, together 
with some other muscles, raise and lower the thorax; these are 
the respiratory muscles. They will he discussed later when the 
respiratory organs are studied. 

The numerous muscles of the back are arranged along the 
spinal column; most of them are attached to the projections ol 
the vertebrae. Some of lliem serve to straighten out tlie spiiia' 
column and to bend it backward, otliers serve to turn it, while 
still others bend it to one side. Some of the muscles of the back 
are attached by one of their end.s to the spinal column and b\' 
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iMg. 38. I^'ront view of the iiuiscles of a human being: 

/ — frontal muscle tliat produces vertical folds in the skin of the forehead; 
2 — orbicular thusrle of the eye, which closes the eye; H — temporal muscle; 
4 — orbicular muscle of the. mouth, which closes the mouth; H — masticatory 
muscle (which, with other iniisclc.s, produces the masticatory movementsj; 
6 — sternocleidomastoid muscles »a pair of uiuscles that, in conlractirijr, bow the 
head forw^ard: oik*, acting by itself, turns the head to one side, bending it in 
the direction of tlie contracted uiusclcj; 7 — large pectoral muscle (wliich lowers 
the arm, bringing it forward; tlii.s muscle raises the thorax when the arm is in a 
state of resti; K — serrated muscle (which raises the thorax when one inhales 
deeply); 9 — erect abdominal muscle (which bends the trunk of the body forward 
and lowers tlie thorax); /■/— oblique abdominal muscle (bonds the trunk of the 
body forward and turns it to one side): // — quadriceps ifour-lieadod extensor of 
the thigh); 12 — sartorial muscle (bends the leg at the knee and turns it inward); 

13 — gastrocnemic muscle (bends the ankle joint, i. e., it lowers the front part 
of the foot and raises the back part, thus enabling a person to stand on tiptoe); 

14 — anterior libial muscle (straightens out the ankle joint); Jo ^ deltoid muscle 
(raises the arm); 16 — triceps (three-lieaded muscle, which straightens out the arm 
at the elbow); J7 — biceps (two-beaded muscle, which bends the arm at the elbow): 
13 — flexors of the wrist and fingers; 19 — extensors of the wrist and fingers. 
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their other end to the ribs; such muscles take part in tlie move¬ 
ments of the thorax. 

The movement of the trunk of the body in bending forward 
is produced chiefly by the muscles of the stomach. A very tough 


tendinous cord runs along the 
central line of the stomacli 
from the top to the bottom. 
On either side of the tendi¬ 
nous cord are located the 
right and the left erect abdom¬ 
inal muscles, which are at¬ 
tached at the top to the lower 
edge of the thorax, and at the 
bottom to tlie point of the 
articulation of the pelvic bones. 
The outer and inner oblique 
muscles of the stomach 
arc located along both sides of 
the erect abdominal muscles. 
Wlien the right and left oblique 
muscles contract simulta¬ 
neously, they bend the trunk 
of the body forward. The con¬ 
traction of any one of the 
oblique muscles separately 
serves to turn the trunk of the 
body to the side. Besides this, 
the abdominal muscles, in con¬ 
tracting, press against the ab¬ 
dominal cavity and pull the 
thorax downward. 

The muscles of the neck. 

The muscles situated in the 
neck throw the head back, 
bow the head and turn it; 
some of the muscles draw the 
lower jaw down. When the 
liead is held in an immovable 
position, the sternocleidomas¬ 
toid muscle, and some other 
muscles of the neck, raise the 
thorax. 



Fig. 39. Back view of the rnuvscles of a 
human being: 

; ^occipital wusild] 2 —muscles of the neck (that 
produce niovemeiits of the Iteadi; 3 — trapezoidal 
muscle (that draws Ihe scapula toward the spinal 
rolunin); 4—-deltoid muscle: 5triceps of the 
upper arm: 6 — wide muscle of ihe fraefe (that 
turns the arm inward and carries it back); 7 — 
extensors of the wrist and fingers: It — flexors of 
the wrist and fingers: 9 — obiique. muscle of the 
stomach: ID—large gluteal muscle iturns the thigh 
outward); 11 — semidendinous muscle f.slraightetis 
out the leg at the joint ol tlio pelvis and thigh; it 
bends the leg at the knee joint and turns the leg 
inward); 72- biceps of the thigh (bends the leg at 
the knee); /,y— gastrot nemic muscle. 


A whole group of neck 
muscles takes part in the move¬ 
ments of the hyoid bone. 

This bone is connected, at the top, with the tongue, and at its 
base, with the larynx. The muscles attached to the hyoid bone are 



connected, by tlieir other end, with one of the adjacent bones 
(the temporal bone, the lower jaw, the sternum). The contraction of 
these muscles, which sets the Jiyoid bone into motion, changes tlie 
position of the tongue and of the laryn.'c during the act of swal¬ 
lowing, or when different sounds are uttered. 

The muscles of the extremities. The great number of muscles 
of tlic extremities, the shoulder girdle and the pelvis take part in 
the various movements of the arms and legs. Besides the flexors 
and extensors, there are other muscles of the extremities, which, 
in contracting, produce rotating movements (for example, the turn¬ 
ing of the forearm in such a way as to make the palm of the 
hand face forward or backward). The contraction of other muscles 
produces the movements of the extremities: the putting forward 
of the arms and legs, and their withdrawal. 

Many inuscles (the wide muscle of the back, the large pectoral 
muscle of the chest, and others), which are attached by one of 
their ends to the extremities and by their other end to the trunk 
I f the body, take part in the movements of the arms and legs. 

Problem. Usiiisi Ihe fij^urcs in the text-book, find the biceps and the tri¬ 
ceps in the,upper part of tlic arm of your own body. Bclermine which of these 
inuseles is in a state of tension, and wliicli is in a state of relaxalion, when you 
bend your arm at Ihe elbow, and tfien when you .straighten out the arm (make' 
lire moveincnis wilhout c.xerting any strain). 

Give other examples of the work of the aniagonislic muscles. 


16. The work of the muscles 

The Importance of the power of a muscle, and of the size 
of its contractions, l iie work of a muscle depends upon the power 
of tlie mu.scle and upon the size of its contractions. The thicker 
tlie muscle, and the greater the number of fibres that compose it, 
the stronger the muscle and the greater the amount of work it 
can perform. The size of the contraction of a muscle ~ that is, the 
degree to wliich it is shortened — depends upon tlie length of the 
muscle fibres: the longer the muscle fibres, the more they will 
shorten. 

The fibres of some muscles (the gastrocnemic muscles and 
others) are arranged, not lengthwise, but slantwise, like the barbs 
of a bird’s feather. These muscles contain a greater number of fibres 
than longitudinal muscles of the .same thickness; therefore, the 
power of tlicir contractions can be twice or tiiree times as great 
as tliat of muscles wdtli longitudinal fibres. However, the size of 
their contractions is very small (they shorten very little), because 
of the oblique arrangement of tlieir muscle fibres (Fig. 40). 

Nerve regulation of the work of the muscles. The cause of 
muscle contraction is the stream of impulses coming from the 



nervous system. Upon the nervous system also depends the tone 
of the muscles, that is, the state of the tension peculiar to 
muscles even when they are in a state of rest. The tone, as well as 
the work of the muscles, depends, to a very great e.vtent, upon 
the processes of metabolism going on in them; the processes of 
metabolism are likewise regulated by the nervous system, botli 
directly and indirectly, by means of the clianges in tlic blood supply 
of the muscle, that is, by means of the constriction and dilation 
of its blood vessels. Thus, the muscles are subjected to a three¬ 
fold nervous control. 

In the human being the work of the muscles is entirely under 
the control of the higher division of the nervous system - tlie 
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Fiji- 40. Diaijram sliowins; how Ihc Ii-iiglli and power 
of muscle coiitraclioiis depend upon their structure: 

7 _ muscles with Iori^» parallel fibres; J — muscles with short, 
parallel fibres: ,9—muscles with oblique fibns (such a muscle 
ha.s twice as many fibres as the others!. 


cctrtex of the cerebral lieinispheres. An injury to the so-called motor 
area of the cortex brings about paralysis of movement. If one of 
the hemispheres is injured, then movement also ceases, but only 
in one (the opposite) half of the body. 

Through the cortex the various changes that go on, both in the 
surrounding medium and in the organism itself, may affect the 
working capacity of the mu.scles. When a person is fatigued, in low 
spirits, or in a bad mood, his movements become sluggish, and there 
is little coordination in them, while the muscle tone is lowered 
the figure sags, the person becomes round-shouldered; as a result 
of the weakened tone of the facial muscles of expression, the face 
assumes a depressed and dejected expression. On the other hand, 
when a person is cheerful, he works willingly and enthusiastically, 
his movements are exact, quick and coordinated, and the muscle 
tone rises -- his figure straightens out, and his face assumes an 
energetic expression. 
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The importance of rhythm in the work of a muscle. As in 

walking or in running, so also in the movements that produce work 
(the chopping of wood, working with a saw, writing), the various 
groups of muscles contract alternately; furthermore, the contraction 
and the relaxation of the separate muscles alternate regularly. Such 
rhythm of movement is of great importance. 

When a muscle is working, some of the substance which enters 
into the composition of its muscle fibre begins to decompose. Tlie 
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I'ig. 41. Upper figure: appuralus for registering the work o' muscles. 

LtAver figme: record of the movenicrils of the finger on the 
kymograph: 

/ --when there is a niaxiiniun frequency of inovemcMits: 2 and .7—when tlie 
inovoimMils are less frequent {2 — at the beginning; a — 10 minutes later). 

muscle rests in the intervals between the separate contractions; 
thus, the state in which it was before the contraction took place 
is quickly restored, and the working capacity of the muscle is 
complete again. 

However, if some muscle, or group of muscles, keeps on working 
incessantly, fatigue quickly sets in. Everyone knows how difficult 
it is to hold even a small weight in the hand when the arm is 
raised and outstretched. The muscles of the arm become tired very 
soon and the arm drops, in spite of all one’s efforts to maintain 
it in position. Prolonged contraction of a muscle may result in 
the complete loss of its power of action. 
















































We may observe the fatigue of a muscle and the restoration of 
its working capacity after rest by using a special apparatus. An 
apparatus of this kind is illustrated in fig, 41. It is designed for 
the study of the work and fatigue of the muscles which bend the 
fingers of the hand. Each time the finger is bent, the muscles 
perform work and the weight suspended from the pulley rises. 
A pencil, fi.xed immovably in the apparatus, makes a drawing on 
the paper of the curve of the muscle contractions. A special record¬ 
ing pen, the sharpened point of which moves along the blackened 
surface of a moving drum — the kymograph — is often used instead 
of a pencil for the recording of such a curve. The recording ob¬ 
tained in this way is illustrated in the same figure. 

As the recording shows, rapid fatigue of the muscles sets in 
when the finger movements are frequent: tlie height of tlie con- 
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Fig. 42. Diagram showing how the work of a 
niiiscle depends upon the niagiiiiude of the load. 

traction is gradually-decreased, and after some time tiie weiglit 
ceases to rise. When the movements occur less frequently, the 
muscles have time to rest after each contraction and, as a result, 
there are no signs whatever of fatigue even after 10 minutes of work. 

The significance of the load. The power of the movements, 
and not only their frequency or rate, is of great importance in 
work. Figure 42 shows the results of the work of a muscle with 
a rate of movement that is constant, but with loads that vary 
in magnitude. I'he amount of work performed in raising the various 
loads is calculated in gram-millimetres. ‘ 

* For such calculation, it is necessary to measure the height of each separ¬ 
ate elevation of the load; adding up all the heights, we gel the total height 
of the elevation of the load resulting from all the movements of the finger; 
multiplying the load in grams by the height of the elevation in millimetre.s, 
we get the total amount of work of the muscles, done by all the bendings of 
the linger, expressed in gram-millimetres. 



Experi/Jient sliows tliat a cliaiige in llie amount of the work 
done depends upon a change in the magnitude of the load; if the 
load is not large, not much work is done; if the load is increased, 
the amount of work performed gradually increases, and reaches the 
maximum, that is, tiie greatest amount, and then begins to decrease; 
finally, the load may become so great that the muscle cannot cope 
with it, and tlien the amount of work performed drops to zero. 

In performing different types of muscle work, we may change 
the power and speed of tlie movements according to our desire. 
However, if we do this, the amount of work performed will also 
cliange. loo great a load, or too great a frequency of the rate, 
will result in the rapid fatigue of tlie working muscles and in 
a sharp reduction of the amount of work done. The rate and load for 
each kind of physical work may be so selected that the great¬ 
est productivity can be achieved with the least amount of fatigue. 

To many strong and physically healthy people, walking at the 
rate of 5 or b'/a k/n per hour is most favourable; that is, the greatest 
amount of work is produced with the least amount of fatigue. When 
walking with a load, or when climbing a mountain, the optiirnl, 
that is, the best rate of walking, is considerably lower. 

By using an apparatus for registering the work of the muscles, 
Setchenov, the great Russian scientist, determined the magni¬ 
tude of the load at which bending the finger at the rate of 20 times 
per minute did not cause any fatigue whatever. The raising of 
this load by the finger continued without interruption for four 
hours running. A larger load or a more rapid rate of work brouglit 
about fatigue in a short time. 

The effect of the work of the muscles on the organism. 

Muscles that perform a sufficient amount of work increase in size, 
and become thicker and stronger. 

The more a muscle works, the greater is its need for o.xygen 
and nutritive material. Thus, muscle work not only strengthens 
the working muscles themselves, but intensifies the activity of the 
organs of respiration and circulation and, in that way, exercises 
the muscles of the thorax and the heart muscle. More than that, 
energetic work of the muscles increases the appetite, produces 
a feeling of general vigour and improves the mood; in this way, 
the vital activity of the whole organism is increased. 

It is clear from all this that physical labour, athletics, sport, 
active games, gymnastics, walking tours are of vast importance in 
strengthening the f)ony-muscular system and, through the bony- 
muscular scstem, in strengthening the whole human organism. 

We know that 1. P. Pavlov was weak and sickly during his 
childhood, and that he improved his health by doing gymnastics 
and physical labour systematically. In 1930, i:i his greeting to the 
conference of the miners of the Donetz Basin, Pavlov wrote: “All 
my life 1 have loved and still love mental and physical work, and, 

1 dare say, even prefer the latter." 



Problem^ Tuke a licavy object (for example, a weigh!) and sec how long 
you can hold it in your hand with the arm outstretched. Rest a wliile and 
then, with the same object in your hand, see how long you can raise ami 
lower your arm rhyilimically. 


REVIEW QUESTIONS 

1. What arc the properties of a bone, and upon what do they depend? 

2. How docs a bone grow in length? 

3. Give some examples of fixed and of various types of movable articula¬ 
tions of the bones. 

4. Enumerate the basic rules for rendering first aid in cases of dislocations 
and fractures. 

5. Enumerate the peculiarities in the structure of the human skeleton, and 
show how these peculiarities are due to the erect posture of man. 

6. What are the differences in structure and pioperlies between the 
smooth and the striated muscles? 

7. What is muscle tone and how is it maintained? 

8. What is the importance of rhythm in work? 

9. Show how a change in the work of the muscles depends upon a change 
in Ihc magnitude of I lie load. 

10. How does the activity of the muscles' affect the organisfii? 


III. THE ORGANS OF CIRCULATION 

17. The significance of the circulation of the blood 

Tissue fluid. Tissue fluid, or tissue lymph, constitutes iibout 
50 per cent of the weiglit of tlie body, and fills up all tbe inter¬ 
cellular interstices (spaces). This fluid, which is in direct contact 
with the cells, is the iniemal medium of the organism. 

Tissue fluid is a necessary condition for the existence of tlie 
cells and of the tissues: the cells and tissues are constantly absorb¬ 
ing oxygen and nutritive material from it, and are just as con¬ 
stantly giving up to it carbonic, acid and otlier products of me¬ 
tabolism. 

Any decrease in the tissue fluid of tliose substances necessarx' 
for the cell or, on the contrary, the accnmulation of waste pro¬ 
ducts, destroys the normal activity of the cells. In order that meta¬ 
bolism, and, together with metabolism, all tlieother life processes should 
be able to proceed normally, the composition of the tissue fluid 
must be kept constant. In other words, the materials needed h>' 
the cells must be continually renewed in tlie tis.sue fluid, wliile 
the waste products must be eliminated from it. 

The movement of the blood in a circuit. Continuity in the 
composition of the tissue fluid is provided for by the constant 
movement of the blood through the blood vessels. 

In vertebrates, including man, the blood vessels form a closed 
circuit. The movement of the blood in a circuit through the blood 



vessels is called circulation. In the human being, as in all mam¬ 
mals, there are two circuits of the circulatory system — the large, 
or systemic, circuit and the small, or pulmonary, circuit (see col¬ 
oured plate 11). 

The large, or systemic, circuit of the circulatory system. 

The systemic circuit of the circulatory scstem begins at the aorta, 
which leaves the left ventricle of tlie heart, rises upward, anci 
then, forming an arc. proceeds downward along the spinal column. 

Large arteries extend from tlie arc of the aorta and carry 
blood to the head and to the upper extremities. 

Branchings, issuing from the aorta below the arc, pass to 
the muscles of the trunk of the body and to the abdominal vis¬ 
cera. On a level witli the lumbar vertebrae, the aorta divides into 
two large arteries, which supply blood to the lower extremities. 

The large arteries branch out over and over again, forming 
smaller and smaller vessels, which carry blood to all parts of the 
body. The minutest arteries break up at their ends into a dense 
s\ stem of very fine hair-like blood vessels, called capillaries. They 
arc so fine that the area of a cross-section of one of tliem is, on 
the average, not more than one eight-hundred-lhousandth of a square 
millimetre; in otlier words, they arc rnucli finer than a human hair. 
•\ capillary is also very insignificant in length — less than one 
millimetre. The impossibility of making an exact calculation of all 
the capillaries of tlie body is clear. However, it is supposed that 
the total number of capillaries in the body is about a trillion. 

The capillaries combine with one another to form the veins. 
The small veins combine to form larger and larger veins. 'I'lie blood 
from all parts of the body flows through the two largest veins — 
the upper, or superior, vena cava and the loxver, or inferior, vena 
cava, and returns to the heart, to its ri^^ht auricle. Here the 
systemic circuit of the circulatory system ends. 

The small, or pulmonary, circuit of the circulatory system. 
The blood from the right ventricle passes through th£ pulmonary’ 
artery and its branches, and flows into the right and left lungs. 
In the lungs, the exceedingly minute arteries branch out and form 
capillaries, which unite with one another to form the veins. As in 
the case of the systemic circuit of the circulatory system, these 
small veins keep on combining to form larger and larger veins 
until, finally, the blood is propelled to the left auricle of the 
heart througli four pulmonary veins. The passage of the blood 
from the right ventricle to the left auricle is called the small, or 
pulmonary, circuit of the circulatory system. 

The significance of the permeability of capillaries. The blood, 
which is enclosed in blood vessels, does not come in direct contact 
with the cells of tlie organs and of the tissues. However, through 
the thin walls of the capillaries (the wall of a capillary consists 
of one layer of flat cells), oxygen and nutritive material force 
their way out of the blood into the tissue fluid, while* carbonic 
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acid and other substances, formed in the cells, pass into the 
blood. 

Not all the substances of the blood pass tliroug-h tlie walls of 
the capillaries with equal ease, for the capillaries are not equally 
permeable to all substances. That is wliy ttie composition of tissue 
fluid is different from that of blood; tissue fluid, for instance, 
contains practically no proteins, while blood contains almost 7Vo 
of proteins. 

Arterial and venous blood. 'Ihe blood wliicli flows tiirough 
the arteries of the systemic circuit of the circulatory system is 
saturated witii oxygen. Such blood is called arterial blood. The 
blood in the capillaries loses much of its o.xygen and becomes 
rich in car!)onic. acid. Blood that contains little oxygen and much 
carbonic acid is called venous blood. The venous blood travels 
along the veins of the systemic circuit of the circulatory system 
and flows into the right half of the heart; from there, it passes 
into the arteries of the pulmonary circuit. 

In the arteries of tiie pulmonary circuit there is venous blood. 
The venous blood in the capillaries of the lungs gives up its excess 
of carbonic acid and takes in oxygen. Arterial blood flows through 
the veins of tlie pulmonary circuit of the circulatory .system and 
passes to the heart. 

The role of blood circulation in metaboIi.sm. The vast impor¬ 
tance of the circulation of the blood is now clear. The constancy 
of the composition of the tissue fluid is maintained by the unceasing 
movement of the blood: the blood carries oxygen and nutritive 
material to tlie tissue fluid, and removes from it carbonic acid 
and other products of metaboli.sm. 

The products of metabolism that accumulate in the blood are 
constantly being discharged into the outer medium; carbonic acid 
is eliminated through the lungs, and the greater part of other sub¬ 
stances — through tile kidneys. Hver fresh quantities of nutritive 
material and oxygen from the external environment are continually 
passing into the blood: nutritive material — through the intestines, 
and oxygen — through the lungs. 

Circulation and the unity cf the organism. The importance 
of the circulatory system is not limited to its participation in the 
interchange of products between the tissues of the organism and 
the external environment. The circulation of the blood also provides 
for chemical interaction between the organs of the body. Due to 
the fact that the structure and functions of the separate organs 
are different, the products of their metabolism are likewise different. 
Each organ gives up to the blood certain substances which influence 
the activity of other organs of the body. 

When the muscles are at work, substances are formed in them 
which get into the blood and affect the work of many organs of 
the body. These substances, in particular, intensify the secretion 
of the digestive juices, and thus improve the appetite. On the other 
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hand, too great an accumulation of these substances in the 
blood hinders the secretion of the juices, and thus spoils the 
appetite. Certain other substances, secreted in the wall of the 
intestinal canal, act by means of the blood on the various 
organs and on tlie muscles. This interchange of products, this 
cliemical interrelation between the organs of the body, helps to 
provide for the unity and unceasing activity of the organism as 
a whole. 

t From the history of the discovery of blood circulation. The 

foundation of scientific, experimental physiology was laid by tlie 

discovery of the circulation of 
the blood. In ir)28, Harvey, 
an English physician, published 
a book in which tlie movement 
of the blood in a circuit was 
described for tlie first time. In 
the preface of the book Harvey 
called upon scientists “to learn 
and to teach, not from books, 
but from the objects of experi¬ 
mentation; not from the dogmas 
of learning, but in the workshop 
of nature.” At tlie time Harvey 
lived, not only tlieologists, but 
men of science'affirmed’tliat “the 
movement of the heart can be 
known only to the one god.” 
Harvey, basing himself on 
experiment, proved that the heart, 
pumping tlie blood, forces it to 
move in a circle; in this way, 
a blow was dealt to the vague 
theories prevailing at that time 
about the immortality of the soul 
and about the heart as the semree of living flame. Harvey’s 
discovery created a real revolution in the study of the human 
organism. 

Hot disputes arose round Harvey’s theory of blood circulation. 
Religious and reactionary people attacked Harvey for denying the 
“infallible” authority of antiquity, and also for denying the existence 
of “divine wisdom." Mol i ere, a famous French writer of the 
17th century, in his dramas, “The Imaginary Invalid” and “Mon¬ 
sieur de Pourceaugnac,” satirized the Parisian anatomist Riolan 
and other opponents of Harvey, who refused to recognize anything 
new. 

The di.sputes about the theory of blood circulation, — in other 
words, the disputes between the advocates of the new, true science 
and the adherents of old ideas, ended only in the second half of 
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the 17th century, wlien scientists first saw under the microscope 
tlie capillaries that unite the arteries with the veins. 

Problem. Make a diagram of the circulatory system and mark wiili arrows 
llie direction of the movement of the blood. 


18. The structure of the heart 

Location of the heart. The heart is located in the thoracic 
cavity, approximately on the central line of the body, behind the 
sternuni and a little to the left of it. 'Ihe upper part of the heart, 
from which the blood vessels issue, is called Hie base, and tlie 
lower, somewhat tapering part is called the apex (Fig. Tl). 
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V\g, 43, Heart (back view): 

I — left auricle with the pulmonary veins that it; 2 — left 

ventricle; ,i/— right auricle; ^ — right ventricle; pericardium 
cut open with its edges turned outwards; — aorta; 7 — pulmonary 
artery; (V—superior vena cava; 9 — inferior vena cava; 10 
coronary blood vessels ol me Jieart. 


'I'he main mass of the wall of the heart is composed of the 
heart muscle, the outer and inner surfaces of which are covered 
with a smooth membrane. The heart is completely surrounded 
by a compact membraneous sac, the pericardium. Between the 
outer surface of the lieart and the pericardium there is a closed 
cavity, tlie walls of which are always moist; this protects the heart 
from friction, and at the same time renders its work much easier. 
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The heart muscle. The heart muscle differs from other muscles 
of the internal organs in that it is cross-striated. The fibres of 
the heart muscle are connected with one another with the help 
of the projections of the protoplasm. By means of such little 
“bridges” the protoplasm of one fibre passes directly into the 
protoplasm of the adjoining fibres. 

If the muscle fibre is stimulated (by an electric current, for 
instance), a wave of contraction begins at the point of stimulation 

and quickly spreads along 
the wliole fibre. In the 
skeletal muscles, the wave of 
contraction travels only 
along those fibres that have 
been stimulated. In the heart 
muscle, the wave of contrac¬ 
tion spreads, bymeans of the 
little “bridges” of proto¬ 
plasm, from one fibre to an¬ 
other and is rapidly commu¬ 
nicated to the whole muscle. 

No matter in what part 
of the heart muscle a wave of 
contraction arises, it imme¬ 
diately spreads throughout 
the whole muscle. 

A remarkable property 
of the heart muscle is its 
incapacity to produce a 
tetanic contraction. Any 
skeletal muscle may remain 
in a state of continuous 
contraction for many sec¬ 
onds and even minutes. 
The heart, however, always 
passes into a state of re¬ 
laxation after each contrac¬ 
tion (a contraction of the heart lasts only one-tenth part of a second). 

This may be explained as follows: if another stimulus is applied 
to any muscle at the moment a wave of excitation begins, no new 
wave of excitation is aroused: the muscle becomes, as it were. 
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rig. 44. Htart (cut open); 


; — right auricle; 2 — right ventricle; J— left auricle; 
4 — Iclt ventricle; J — superior vena cava; — cal¬ 
ibre of the inferior vena cava: 7 — calibres of the 
pulmonary veins; valves between the auricles 
and the ventricles. 


insensitive to any new irritation. In tlie skeletal muscle, the power 
to produce a new wave of excitation is restored long before the 
contraction terminates; a contraction lasts 0,1 of a second, while 
the period of iiiexcitability lasts only several thousandths of a 
second. For that reason, in the skeletal muscle, frequent waves of 
excitation may arise that maintain continuous contraction. 

'I'he heart muscle restores the power to produce a new wave 
of excitation much later: it becomes sensitive to irritation only 
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at the moment of relaxation, and then it is able to contract 
again. 

The auricles and ventricles. A compact partition divides the 
heart into two halves —the right and the left (Fig, 44). Each of 



Fig. 45. Cross-section of the ventricles of tlie heart: 
left—in a slate of relaxation; right — in a stale of coniracliou: 

/--riiflit vonlrJcIe; 2 — left ventricle. 

these halves consists of two communicating chambers — a thin- 
walled auricle and a flesliy vetUricle. 

Two large veins pass into the right auricle: the superior vena 
cava, which receives blood from the upper pari of tlie body, and 
the inferior vena cava, wliich 
takes up blood from the lower 
part of the body. Besides tlicse, a 
vein which carries the blood from 
the heart muscle itself passes into 
the right auricle. Four pulmonary 
veins, two from each lung, pass 
into the left auricle. 

The ventricles occupy the great¬ 
er part of the heart. The pulmo¬ 
nary artery issues from the rigfit 
ventricle, while the main artery 
of the body — the aorta — issues 
from the left ventricle. 

'I'he difference in tlie thickness 
of the walls of the auricles and 
ventricles can be accounted for by 
the difference in the work that they 
perform. The muscle of the auricle 
pushes blood only into the ven¬ 
tricle. The contracting muscle of 
the ventricle drives the blood tlirough a long and branching net¬ 
work of blood vessels. 

The work of the left ventricle is especially great, becatise it pro- 
pels^the blood through the systemic circuit of the circulatory system 



Fij^. 46. Diagram of the folding 
valvo.s between tlie auricles and 
ventricles: 

/ — right auricle; 2 - left auricle; 3- right 
ventricle; -/—left ventricle; .5—valves: 
6*—tendinous threads which prevent the 
valves from bending back to the auricles; 
7 — superior and inferior venae cavac. 
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and, consequently, tlirougli tlie capillaries of all the organs and tissues 
of tlie body, except the lungs. As a result, the muscle of the left ven¬ 
tricle is very much tliicker than that of the right ventricle (Fig. 45). 

The valves of the heart. Folding valves (Fig. 46), which have 
the shape of plates and consist of tiiick connective tissue, separate 
tlie auricles from the ventricles. TIic valve in the right half of the 
heart consists of three such plates, or flaps; the valve in the left 
half of tlie heart has two. When tlie flaps close, the valve shuts 
tight the passage between the auricle and the ventricle. Tendinous 
threads extend from the bottom of the muscle protuberances of the 
inner surface of the ventricle to the flaps of the valve. 
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l‘i^, 47. Seiiii-liiHLn valves: 

.1 — top view; li — side view; cross-sec4ii)ii: 

/ - -\iilve iRtwoeii the rijjlil vtMilriclr and the pultiionary artery; ■ valve 
between the left ventrirle and the aorta: opening ol the coronary artery: 

/ -coronary firteiies which supply the heart inu.scle with bh)od; J—wall of 
tlie ventricle; 6 - wall of the aorta. 

The folding valve can open in one direction only — that of the 
ventricle. When the ventricles relax, the valves open and the blood 
pours freely from the auricle into the ventricle. When the ventricles 
contract, the blood cannot flow back into the auricle, because the 
flaps of the valve close up under the pressure of the blood, and 
the tautly stretched tendinous threads prevent the flaps from turn¬ 
ing back in the direction of the auricles. 

The blood from the ventricles flows into the arteries. 'I'lie move¬ 
ment of the blood in the opposite direction is prevented by the 
semi-lunar valves, which, in the shape of little pockets, are located 
in the aorta and in the pulnumary artery at the very exit of these 
vessels from the heart (Fig. 47). When there is a flow of blood 
from the ventricles to the arteries, the little pockets of the valves 
are pressed to the walls of the vessels, thus allowing the blood to 
pass freely. When tlie blood flows back, it fills up the little pockets 
of the valves — tlie little pockets bulge out, completely covering 
up the calibre of the vessel, and thus prevent the arterial blood 
from flowing back into the ventricles. 

Problem. Make a drawing of Ihe structure of the liearl and show, by 
means of arrows, tlie direction in which the blood moves. 
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19. The work of the heart 


The rhythm of the heart contractions. In order to study tlie 
work of the lieart, expcrinicnts are usually porforiried on aniiuals. 
After ail anaesthetic and artificial respiration have been applied, tlic 
tliorax is cut open, and tlie heart exposed; then one of the small 
levers of the apparatus is connected with the auricle and the oilier 
with the ventricle of the heart; as a result, two wavy lines will 
he recorded on the kyinof»Tapli: one illustrates tlie contractions of 
the auricles, and the other — the contractions of the ventricles 
(Fig. 48). 

The first thing that we notice in watching the work of the 
heart is the regular periodicHy (the rhytlini) of its contractions, 
liiach fresh contraction fol¬ 
lows the preceding one 
after a strictly definite pe¬ 
riod of time. The heart of 
an adult who does not per¬ 
form any strenuous work 
contracts approximately 00 
to 80 times a minute. I'lie 
lieart of a child, especially 
of a little child, contracts 
more often. 

The contraction begins 
in the right auricle at the 
points where the superior 
and inferior venae cavae 
enter it; then it is quickly 
communicated to the auricles log. 4S. Scparniu n-cord of ihe contraction of 
and passes on to the vetitri- ilu- auricles ('/y and veniric'es At tlie bot- 
cles, both of which contract 
siniultaneously (Fig.4!)), riic 

contraction of tlie auricles lasts a trifle over 0,1 of a second; during 
that tiirie the ventricles are in a state of relaxation, lininediately 
following the contraction of the auricles, both ventricles begin to 
contract, each contraction lasting about 0,3—0,4 of a second; while 
the ventricles are contracting, the auricles remain relaxed. After 
the contraction of the ventricles, the whole heart relaxes. This mo¬ 
ment of relaxation of the whole heart is called (t pause. When the 
pause takes place, the heart fills up with blood flowing from the 
veins. The length of the pause depends, to a great extent, on the 
frequency of the heart contractions; when there are GO to 80 con¬ 
tractions a minute, the pause lasts about 0,4 of a second. 

The independent work of the heart. The skeletal muscles 
contract when they receive impulses coming from the central ner¬ 
vous system. If these muscles are cut out of the body, they cannot 
contract by themselves. The heart muscle, however, acts in quite 
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a different way; waves of excitation may arise in it independently. 

The heart of a frog continues to contract rhythmically even 
after it has been separated from the body and put into a small 
glass containing a physiological solution. * 

Tlie heart of a mammal also goes on contracting independent!}' 
after it has been cut out of the body. For that purpose, a spe¬ 
cially prepared nutritive liquid, taking the place of the blood, is 
saturated with oxygen beforehand, then heated to a definite tem¬ 
perature and injected through the blood vessels of the licart muscle. 

Sometimes it is also possible to force the human fieart to con¬ 
tract after it lias been separated from the organism. Kulyabko, 



h'ig. Itl. Diagram .showing liie diifcrcnl piiasc.s in lieurl rhythm: 

1 • bo^'inning- ol the coidructioii of the 2 — coiitniclion of the ventricles; 3 piui&e. 

a Russian scientist, “revived*' tile heart of an infant 20 hours after 
the death of the infant. 

Under normal conditions, the section of the heart that is most 
easily excited is tlie point where the superior and inferior venae 
cavae enter the heart. 'I'liis explains why it is at this point, namely, 
that the heart contractions begin. 

The work of the heart muscle, d’he heart muscle performs 
a vast amount of work. Eiach ventricle of the human heart, in 
contracting, pours into the arterial stream approximately 60 to SO 
cubic centimetres of blood. In one contraction the left ventricle 
performs, on the average, work equal to 0,08 or 0,09 kilograiii- 
nielres. 'I'he riglit ventricle, which drives tlie blood only througii 
the lungs, performs less work, not exceeding 0,02 kilogram-metres. 
We may say that both ventricles of the heart fulfil, at each con¬ 
traction, work equal to about 0,1 kilogram-metre. 

In one minute the heart performs work equal to 6 or 8 kgm. 
In tlie course of one day, tlie heart, pumping thousands of litres 


* A physiological solulion is a solulion of sodium chloride. Due to the 
fact that the composition of the blood of a frog differs from that of mammals, 
the physiological solutions used for these animals are different: for frogs 0,6Vo 
of sodium chloride is lakeri, while for mammals it is 0,97o. Sometimes a more 
complex solulion is used which contains a small quantity of other salts, and 
also grape sugar. 
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of blood, performs a tremendous amount of work that exceeds 
10000 kgm. Such work is performed by a crane that lifts a two- 
ton load to a height of 5 metres. 

The reason for the indefatigability of the heart. The heart, 
which weighs only 300 grams, performs a vast amount of work 
during a person's life; moreover, it does not cease its work for 
even one moment. Mow does it manage to do such an amount of 
work tliat is seemingly beyond its strength? I'he reason for the inde* 
fatigability of the heart muscle lies in the rhythmic motions of 
its work — in the regular alternation of contraction and relaxation. 

'Mie skeletal muscles can also work for a long time without 
manifesting fatigue, if there are alternate contractions of the 
various groups of muscles. This is exactly what happens in walking, 
sawing wood, working at a lathe, and in other kinds of working 

activity. The work of the respiratory muscles is a very good 

example of such indefatigable activity. 

If a muscle keeps on coiilracting unceasingly, fatigue quickly 
sets in. This explains why it is iiiipossible to stand immovable, 
taut like a cord, for a long time, or to hold even a small load in 
the hand with the arm outstretched. 

'Fhe heart never stops working; nevertheless, it rests every 

second. If we consider tliat the heart contracts 75 times a minute, 

tlien each full period of contraction lasts 0,8 of a second. The 
contraction of the auricles takes up 0,1 of a second of this lime, 
and the contraction of the ventricles — 0,3 of a second; the pause 
lasts 0,4 of a second. 'Mius, the ventricles rest almost twice as 
much as they work. The auricles rest for a still longer time. 
The small intervals of rest following each contraction are quite 
enough to put the heart muscle into a fit condition to contract 
again with the same power. 


20. The movement of the b!ood and lymph through 
the vessels 

The structure of the blood vessels. Ihe arteries, capillaries 
and veins differ greatly from one another in structure (Hig. 50). 

The thick wall of tlie large arteries contains smooth muscle 
fibres and a great num[)er of tough, elastic fibres. Such a struc* 
ture gives it resistability and elasticity. 

Each time the heart contracts, it forces regular portions of 
blood into the vessels; the pressure of the blood causes the aorta 
and other large arteries to dilate. 'Fhe arteries, by virtue of the 
elasticity of their walls, resist this dilation, and when the heart 
pause occurs, gradually press out the excess blood contained in 
them, thus returning to their initial state. As a result of such 
dilation and of the subsequent compression of the arterial wall, 
the flow of blood from the large arteries to the smaller ones does 
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hot cease in the intervals of time between two contractions of 
the heart. In other words, the movement of the blood in the blood 
vessels never ceases, in spite of the fact that the blood leaves the 
heart only at the moment the ventricles contract. 

The narrower the artery, the thinner is its wall. The wall of 
arteries of medium size consists of a thick muscle layer and con¬ 
tains a comparatively small amount of elastic fibres. The wall of 
the very smallest arteries consists of a layer of flat cells, covered 
on the outside with muscle fibres arranged in a single row. Finally, 
the muscle fibres disappear altogether, and the arteries are then turned 
into capillaries consisting of one layer of thin, flat cells, through which 

the interchange of products between 
the blood and the tissue lymph 
takes place easily. 

The veins have soft walls that 
are easily distended and as easily 
constricted. The wall of a vein is 
thinner than that of an artery: it 
has a poorly developed muscle layer 
and very few tough, elastic fibres. 

The pressure of the blood in 
the vessels. The heart, acting like 
a pump, drives the blood into the 
aorta and into the pulmonary artery. 
As a result, the blood in the large 
arteries is subjected to great pres¬ 
sure, which forces the blood through 
the whole vascular stream. 

In all parts of the vascular system, the blood flows from a point 
wliere there is greater pressure to another point where there is 
less pressure. In other words, as the stream of blood travels on¬ 
ward, the pressure keeps on diminishing, since it spends itself in 
pushing forward the blood. The pressure is highest in the large 
arteries not far from the heart. The pressure is lowest in the large 
veins that carry the blood to the heart. 

The blood pressure diminishes unevenly along the moving 
stream of blood (Fig. 51). It decreases most rapidly in those parts 
of the vascular stream where the resistance of the blood stream is 
greatest. The blood passes much more easily through the wide 
calibre of the aorta, which has a diameter of 2 or 3 cm in the 
human being, than through the numberless small arteries which 
carry blood to the separate organs of our body; the small arteries, 
in their turn, exert much less resistance to the movement of tlie 
blood than the minutest arteries, especially the capillaries, which 
have a diameter of only several thousandths of a millimetre. 

The blood flowing in the capillaries overcomes the exception¬ 
ally great resistance that is created by the friction of the blood 
against the walls of the narrow vessels. A considerable part of the 



Fig. 50. Structure of the blood 
ves.sels: 

cross-seclion of a large artery {/), of a 
large vein (2), of a small vein (5); 4 — ca¬ 
pillary, biglily magnified. 



driving force of the blood — in other words, a considerable part 
of the blood pressure — is spent in pushing the blood along this 
short but difficult section of the vascular road. It is here that the 


blood pressure diminishes more quickly than anywhere else. 

The movement of the blood In the veins. The blood pres¬ 
sure in the small veins rises no higher tlian 10 mm. of tlie mer¬ 
cury column. In the large veins that are nearer to the heart the 
blood pressure is still lower. Consequently, the blood in the veins 
possesses little driving force; the greater part of the driving force 
in the blood has already been spent, chiefly in the passage of the 


blood through the minute 
blood in the veins moves under 
less favourable conditions than 
in the arteries. The conditions 
under which the blood moves 
in the veins of the lower ex¬ 
tremities are especially hard, 
because there tlie blood, rising 
upward, overcomes its own 
force of gravity. 

Working motions, such as 
walking, pliysical exercises 
and, in general, any muscle 
activity, facilitate the move¬ 
ment of the blood in the veins, 
since each muscle contraction 
produces compression in one 
or another section of tlie 
venous stream. As a result of 
such compression, the blood 
is pressed onward only in the 
direction of the heart. It can- 


: and capillaries. I herefore, the 



llllll Before the uentricle contracts 

Fijf. 51. Diagram showing the height 
of the blood pressure in various parts 
of the sy.slemic circuit of the circulatory 
system in a boy or girl of 15 to 16 years 
of age. 


not move in the opposite direction (away from the heart) — this 
is prevented by valves, similar to the semi-lunar valves, situated at 
the origin of the aorta and of the pulmonary artery. There are such 
valves in all the veins (Fig. 52). 

We are always making some movements, even thougli they may 
be little ones; when we are in motion, the various groups of 
muscles are brought into a state of contraction and press against the 
veins which pass through them. Thus, muscle activity is a constant 
and very essential auxiliary force that facilitates the movement of 
the blood in the veins. 


Unfavourable conditions are created for the back-flow of 
the venous blood when the mode of life is a sedentary one 
and requires little motion, and also when the body is com¬ 
pletely inactive. In such cases, the blood is often brought to 
a state of stagnation, which tells on the general state of 
health. 
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The pulse. The arteries may easily be felt in some parts of 
the body. If we feel rhythmic beats under the fingers, we may he 
sure that there is an artery there. The rhythmic beating of the 
arterial wall is called the pulse. 

If an artery is pressed hard with the finger, the movement of 
the blood stops, hut, at once, close to and immediately above the 
spot pressed (that is, closer to the heart), the beating of the pulse 
is again felt clearly. This is explained by the fact that the pulse 

beats do not depend on changes 
in the movement of tlie bk»od, hut 
on the sudden increase of pressure 
in the arteries as each fresh spurt 
of Idood passes from the ventricle 
to tlie aorta. Tlie pulse beats are 
transmitted to all the arteries with 
a speed tliat is many times great¬ 
er than the speed of the blood 
stream. By feeling the pulse we 
may count the number of heart 
iK-ats, or pulsations. 

The rate at which the blood 
moves. In the narrow course of 
a river the water flows very rapid¬ 
ly. riie wider the course becomes, 
the slower will be the movement 
of tlie water. The rate at which 
the blood moves in the blood-vas¬ 
cular system also depends on the 
width of the blood stream. 

The blood that passes from the 
lieart to the aorta flows at the 
rate of '/a m a second. How, 
then, does the rate of the blood 
stream change in its continued 
passage tlirough ever smaller and 
smaller arteries, and tlien through the capillaries? The area of a 
cross-section of the aorta is approximately 300 st/. mm., while the 
area of a cross-section of a capillary is one-millionth of a square 
millimetre. Tims it appears that the vascular course should grad¬ 
ually shrink in width and that the flow of the blood should 
increase in speed. Actually, however, the flow of the blood be¬ 
comes gradually slower. This is due to the fact that the blood 
stream, which keeps Oii breaking up iritci an ever increasing num¬ 
ber of branches, becomes very much wider. Each time the blood 
vessels branch out, they become somewhat narrower, but their 
number is greatly increased. 

It has been calculated that the width of the capillary stream 
(that is, the total width of the calibres of all the capillaries in 
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Tig. .^2. Diii^ram sliowiiis' the effect 
of iiuiscle (•oiiiiiu lioii.s on the move- 
iiicnt ol llic blood in tlic veins, 
bofl: !i iiiu.scle in a relaxed stale; 
right; a mu.scle in a contracted 
.stale: 

1 -- u v(.-in: the lower part i.s cu! open; 

2 — MilvT'.s ol' vc'in.s; ,/ ji iniisclc: Un* 

lil.'irk .irrows iiiiiicrito llio prcs.sure of tfio 
t'oiitrijck’d miisclo on llic tlic white 

iirrow.s iiidicalc tin* inovoinoiit of the blood 

ill lilt! vein. 



which blood flows simultaneously) is 500 and even 1000 times 
greater than the width of the aorta stream. Therefore, the blood 
in the capillaries flows from 500 to 1000 times more slowly than in 
the aorta,—on the average, the rate is , „ 

less than I mm per second. ’/] ' : , 

Asweknow, oxygen and nutritive mate- JJ \V. 

rial pass from the blood in the capillaries yfi / / 

into the tissue lyrnpii, while carbon dioxide 1 ^ / 7 

and other products produced in tlie tissues j' \ 

pass into the blood of the capillaries. When }\ v Vx . 
the flow of the blood is slow, this inter- / j|Wj| || 

changeof substances is accomplished much i ' | J 

more easily and much more completely. ■ 

In its passage from tlie capillaries to . 

the auricle, the blood course again nar- " « 

rows and the rate at wliich the blood 53 

flows increases. iln. orij«iii of tlie Ivntpli ves- 

The formation and movement of seis in the iis.suc. 


lymph. Water from the blood and, to¬ 
gether with the water, most of the substances found in .solution in 
the blood, are continually forcing their way through the thin walls 
of the capillaries into the intercelliilar interstices and spaces. In 
this way, tissue fluid, or tissue lymph, is con¬ 
stantly being formed in all the tissues of the 
body. The excess fluid eitlier finds its way back 
into' tlie blood, or into special vessels which are 
called lymph vessels, or lymphatics (Fig. 53). 
'I'liese usually first appear in the shape of closed 
little sacs and form a dense network. These first 
little lymph vessels unite with each other forming 
larger and larger vessels.Finally, the lymph, flowing 
in two large lyinpliatic streams, empties into the 
large veins of the systemic circuit of the circula¬ 
tory system, near tlie heart (see coloured plate II). 

Lymph flows very slowly. The quantity of 
lympii that flows from the two lymphatic streams 
hijj .'i 4 lymph blood probably does not exceed 10 to 

node 'he arrows in- 20 litres a day. 

dicate tlie direction The conditions under which lymph moves in 
in which the lymph lymph vessels are similar to the conditions 

sd7 some of'which under which the blood moves in the veins. The 
lead to the node, lymph vessels have the same kind of valves as 

while others lead the veins. The muscle contractions help to move 

away from it. lymph forward, as they help to move the 

venous blood forward. 



Lymph nodes. While the lymph stream keeps moving, the lymph 
vessels form little swellings which arc called lymph nodes (Fig. 54). 
These consist of fine connective tissue. 
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The spaces between the fibres of connective tissue are filled 
with a great number of active cells — the white blood corpuscles, 
which are produced out of the connective tissue of the lymph 
nodes and can multiply by cell division. 

The lymph nodes perform the role of good filters, or strainers. 
Here, any microbes that find their way into the blood, and spread 
general infection that might prove fatal to the organism, are caught 
and retained, and then die. The lymph nodes also retain various 
poisonous substances, and render them liarrnless. 


21. The regulation of blood circulation 

The work of the heart and the needs of the organism. The 

more any organ of our body works, the greater is its need for 
oxygen and nutritive material and, consequently, the greater is the 
amount of blood which must pass into it. 

The frequency and power of the lieart contractions change in 
exact accordance with the needs of the organism. 

The very simple transition from a lying position to a sitting 
one, or from a sitting position to a standing one, causes an im¬ 
mediate change in the work of the heart. Observing oneself, it is 
not difficult to note that physical work, the process of digestion 
after a meal, agitation, sleep — all these greatly affect the charac¬ 
ter of the activity of the heart. 

In what way, then, is the constant interrelation, so extremely 
important to the organism, established between the work of the 
heart and the work of the other organs of the body? 

The innervation of the heart. The nervous system provides 
for the integrated work of the various organs. Two kinds of nerves 
lead to the heart: ^/le wandering nerves, or vagi, from the brain, 
and the sympathetic nerves from the spinal cord. 

The importance of these nerves is readily seen in an experi¬ 
ment with an animal. 

If the vagi of a dog or of a rabbit are cut, the contractions of 
the heart become more frequent. If the vagi are stimulated by an 
electric current, the contractions, on the contrary, occur less often 
and become weaker; and if a strong current is applied to them, 
the contractions cease completely — the heart stops working. This 
experiment proves that the vagus nerve inhibits the activity of the 
heart, weakens its contractions and reduces the rate of the con¬ 
tractions. 

If the sympathetic nerves are cut, the contractions of the heart 
become slower; when they are stimulated, the contractions become 
more frequent. I, P. Pavlov, at the very beginning of his scienti¬ 
fic activity, in the eighties of the preceding century, found that 
the stimulation of some of the Uttlo branches of the sympathetic 
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tterve intensified the heart contractions. Consequently, the syrti- 
pathetic nerve intensifies the heart contractions, and increases 
their frequency. 

Thus, the sympathetic nerves and the vagi exert a diametri¬ 
cally opposed influence on the heart (Fig. 55). 

The distribution of the blood in the organs. In the organism, 
it very seldom happens that all parts of the body perform much 
work at the same time. 

Numerous experiments with animals, and also with human beings, 
have proved that the blood vessels dilate when the organs are 



Fig. 55. Registration on tlic kymograph of the heart contractions of 
a rabbit when the ticrves are stimulated; a sympathetic nerve (at the 
bottom) and a vagus nerve (at the top). The lower horizontal line is 
a .scale of time; the line above the scale is a record of the nerve 
stimulation (the arrows indicate the beginning and the end of the 

stimulation). 

working, while the vessels of organs that are not working, or are 
doing little work, are constrict^. 

The vast majority of the capillaries of a relaxed muscle are in 
a collapsed state, and it is impossible for blood to pass through 
them (Fig. 56). When a muscle contracts, many of the capillaries 
are dilated. The number of dilated capillaries and the extent to 
which they dilate, depend on the work performed by the muscle. 
The flow of blood through a muscle working intensely may 
be increased many dozens of times. The amount of blood in the 
abdominal viscera is greatly increased after a hearty meal. The 
vessels of the brain dilate and receive an abundant supply of 
blood when a mathematical problem is being solved. 

The dilation of blood vessels in some parts of the body is fol¬ 
lowed by constriction in other parts. That is why the brain and 
the muscles receive less blood after a heavy meal, when there is 
a desire to lie down and no desire to do any kind of physical 
or mental labour. 
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The Innervation of the blood vessels. If the sympathetic nerve 
on tlie left side of the neck of a white rabbit is cut, the difference 
in the blood supply to the rigid and left ears can be observed very 
clearly. A great many more blood vessels are seen in the left ear 
than in the right. If the sympathetic nerve leading to the left ear 
is .stimulated by an electric current, the vessels of this ear begin 
to constrict within the next few seconds after the application of 
the current. If a sufficiently strong electric current is applied to 
the nerve, tiie ear loses its cxdotir completely. 

This experiment proves t/iat the constriction of vessels is due 
to the influence of the sympaihciic nerves, whose branches extend 
to the muscles in the walls of tlie ves.sels. 

Tlie dilation of blood vessels is controlled by the nervous 
system in exactly tlie same way. 

The influence of the nervous system on the work of the 
heart and of the vessels. The work of the heart and the amount 




of blood that fills up the ves.sels may 
change in response to stirnnli applied 
to the various sensory (afferent) nerves. 
Thus, the action of cold on the 
skin causes the blood vessels of the 
skin to constrict (pallor of the skin), 
while the action of heat causes them 


Tig.56.Capillariesf'/;iliadilaii'd to dilate (reddening of the skin), 
and (2) in a cdiisirich'd stale. A sudden dive into cold water maj’ 

bring about “failure" of the heart: 
that is, the heart stops beating for a .short time. Such “failure” 
of the heart and constriction of the blood vessels of the skin may occur 
in response to a sudden loud noise. Similar responsive reactions, 
brought about with the participation of the nervous system, are 
calleil reflexes, as vie already know. 


A great influence is exerted on the heart and the blood ves.sels 
by impulses coming from the cortex of the cerebral hemispheres. 
Examples of this are the intensified heating of the heart, or, on 
the contrary, sudden stoppage of the heart beats for a time, and also 
flushing or pallor of the face when a person is either agitated or 
frightened. The influence of the cortex of the cerebral hemispheres 
on the work of the cardio-vascular system varies, depending upon 
the mood, — whether a person is in a cheerful mood or in a depressed 
one, or whether he performs his work eagerly or without any desire. 

The self-regulation of the cardio-vascular system. The stimuli 
which come from the vascular system itself play an important role 
in the regulation of heart activity. In the walls of the heart and 
of the blood vessels are imbedded the endings of afferent nerve 
fibres. In some of them a state of excitation is aroused when a blood 
vessel distends; in others, a state of excitation is aroused when 


certain chemical substances, for example, carbonic acid, act upon 
them. Impulses travelling along the afferent fibres reach the central 



nervous system, namely, the medulla oblongata, where the so- 
called cardio-vascular centre is located. Here response impulses 
arise, which, travelling along the efferent ner. es, reach the heart 
and the blood vessels, and bring about reflex changes in their 
activity. 

Many years ago a Russian scientist established the fact that 
when the pressure of the blood in the aorta becomes too great 
and its walls are greatly distended, a state of excitation is aroused 
in the endings of the afferent nerve in the walls of tiic aorta. The 
excitation is transmitted to the central nervous system and fur- 
ther to tile vagi, and then reaches the heart, which begins to con¬ 
tract less frequently and more feebly, as a result of which the 
blood pressure is reduced to normal. 

It soinetinies happens that the flow of blood to tiie right half 
of the heart is greatly increased and the heart has no time to 
throw off this blood into the pulmonary artery. In such cases, the 
superior and inferior venae cavae and tfie right auricle begin to 
dilate, thus exciting the endings of the afferent nerves that are 
in the walls of the vessels and in the auricle. The excitation pro¬ 
ceeds to the brain, which brings about intense excitation of the 
sympathetic nerves, and depression of the vagi. As a result, the 
heart begins to contract more freqtiently and more intensely, and 
is now fully able to throw off all the blood that flows into it. 

I. R. RaVlov was the first to establish the importance of these 
reflexes. Tie proved that the blood-vascular system regulates itself 
to a definitely determined extent and, as a result of this, too ab¬ 
rupt changes in the work of the Iieart ainl of the vessels are next 
to impossible. 

Chemical regulation. Various substances, which are discharged 
into the blood by the different organs, also exert an influence on 
the work of the heart and on the distribution of blood to the 
separate organs. This mettiod of regulation is called chemical or 
humoral^ regulation, that is, regulation accomplished by means of 
the blood. 

Of the various substances that affect the cardio-vascular system, 
adrenaline and acetylcholine are of special importance. Under the 
control of the nervous system both are constantly being formed 
in the organism in greater or lesser quantities. The heart and the 
blood vessels react to adrenaline in the same way that they do 
to the stimulation of the sympathetic nerves; if adrenaline is intro¬ 
duced into the blood, the vessels constrict and the heart con¬ 
tractions increase in frequency and intensity. Acetylcholine produces 
a reverse reaction: it weakens the heart contractions, reduces 
their frequency, and dilates the blood vessels. 

As a result of nerve and humoral regulation there is a careful 
and economical expenditure of power by the heart. The proper and 


‘ From the Latin “humor’ whicli means moisture. 
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constantly changing distribution of blood among the various or¬ 
gans serves as a protection to the heart against overwork, and 
thus the organism is able to get along with only four or five 
kilograms of blood. 

Questions. 1. Why is it harmful to do physical exercises or to go bathing 
after a hearty meal? 

Explain the proverb: “A full stomach is deaf to work and to study." 

Problem. Count the beats of your own pulse in the morning, when 
still lying in bed. What is the amount of blood that flows through the left 
half of the heart in one minute, if the heart pours into the aorta 60 cm. * of 
blood at each contraction? Moke a similar calculation, counting the pulse 
beats immediately after fast running or hard physical work: in doing this, it is 
necessary to take into consideration that the amount of blood that passes into 
the aorta with each heart contraction is equal to 90 cm.^ 


22. Exercising the heart 

A weak and a strong heart. The heart performs a vast amount 
of work when we walk up a flight of stairs, run quickly or do 
any strenuous physical labour. 

The work of the heart may be intensified in two ways: 1) by 
increasing the frequency of the contractions; 2) by increasing 
the amount of blood poured out with each contraction. When both 
of these occur simultaneously, tlie amount of blood which the 
heart is able to pump out each minute may be increased about 
five times and even more. However, circulation is usually quick¬ 
ened, for the most part, by increasing the frequency of the rhythm, 
or by increasing the amount of blood which passes into the aorta 
with each contraction of the lieart. 

In an athletically trained person, who does gymnastics and 
goes in for sport, and who is accustomed to physical work, the work 
of the heart is intensified mainly by increasing the amount of 
blood pumped out with each contraction. But it is only when the 
work performed by the heart is exceedingly strenuous that the 
frequency of the heart contractions is greatly increased. 

In a person not athletically trained, leading a more or less 
sedentary life and unaccustomed to physical work, the heart is 
able to change the magnitude of the contractions only to a slight 
extent. The heart intensifies its work almost exclusively by in¬ 
creasing the frequency of its contractions. This greatly shortens 
the whole cycle of the work of the heart (the period of contrac¬ 
tions and the pauses). Thus, with 160 to 180 contractions per 
minute, each cycle is completed in less than 0,4 of a second. At such 
a rate, the contraction of the ventricles takes place so quickly that 
they are not able to develop the contraction to its full power 
and to pump out all the blood tliey contain. Moreover, the pause, 
during which the heart rests and is filled up with blood, liardly 
occurs. As a result, the work of the heart muscle becomes weak- 
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er, and the amount of blood that comes from the veins to fill up 
the heart is diminished. 

The reserve power of the heart. The reserve power of the 
heart is its capacity to increase its work, that is, to increase the 
amount of blood pumped out. 

The reserve power of the heart of an athletically trained per* 
son is shown in fig. 57. 



Fig. Work of the heart of an athletically trained person: 

I __ when in a lying position: 2 — walking quickly; running at a low rate of speed: 

4 and 0 — running at an increased rate of speed. The width of the beakers indicates the 
amount of blood poured out by the heart into the aorta with each contraction fin cubic 
centimetres); the height indicates the number of contractions per minute; the number on 
each beaker indicates the amount of blood, in litres, that passes into the aorta in one minute. 


The amount of blood pumped out by the heart in one minute 
increases in proportion as the demands made upon the heart keep 
on increasing. In an athletically trained person, this is at first 
achieved mainly by the magnitude of each contraction. It is only 
when the work is very strenuous that the number of contractions 
begins to show a decided increase — 160 to 180 per minute. If the 
load is still further increased, the heart simply cannot cope with 



Fig. 58. Work of the heart of a person without any athletic training. 
The denotations are the same as those in figure 57. 


it: the contractions become still more frequent, but their magni¬ 
tude is diminished, and the total amount of blood pumped out 
is decreased from 31,5 to 30 /. per minute. The heart lags behind 
the needs of the organism, and the work is beyond the strength 
of the person to perform. 

The heart of a weak person, not athletically trained, possesses 
a very small reserve power. In figure 58 we see that the amount 
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of blood pumped out in a minute by such a heart couid be in¬ 
creased oniy 4Vi times (from 4 to IS 1.) Furthermore, the pulse 
beats rose to 180 per minute, wliile tlie mag’iiitude of tlie contrac¬ 
tions was only slightly increased (from tifi to 100 cu. cm.). When 
the demands made upon tlie heart were further increased, the 
work of the heart was certainly not intensified, but was even 
diininishcd. 

Exercising the heart. Every person must try to strengthen 
his heart and to increase its reserve power, in order that it 
should l-e alile to cope with the strenuous and prolonged work 
which life often calls upon it to perform. 

In cases of pneumonia and other serious illnesses, the death 
of a patient most often depends on the activity of the heart; the 
heart appears to be too weak to meet the increased demands made 
upon the organism in connection with the illness. 

In order that the heart should be strong and healthy, one must 
exercise the heart muscle. F^or this purpose, one must make great¬ 
er demands upon the heart, and make them oftener; one must 
force it to perform strenuous work. In other words, one must lead 
an active life: in rest periods one must walk more, and go in for 
games in the open air and for sport. Morning setting up exer¬ 
cises are especially important for the strengthening of the heart and 
of the whole organism. 

Working activity helps to strengthen the heart muscle. How¬ 
ever, many kinds of work, especially sedentary work, do not exer¬ 
cise the heart. In such cases, it is especially important to exerci.se 
the heart muscle by means of gymnastics and sport. 

In choosing a method for e.vercising the heart, a person’s age 
and condition of health must be taken into consideration; it is 
therefore necessary to consult a doctor before beginning any .such 
exercising of the heart. 

Over-fatigue of the heart. If the heart is forced to perform 
strenuous work that is beyond its strength, it quickly becomes 
fatigued, its contractions become weaker, the amount of blood 
pumped into the aorta is decreased. 

A great strain on the heart muscle docs not help to strengthen 
the heart, but, on the contrary, reacts in a harmful way on the 
work of the heart and on the general state of the organism. If the 
heart is frequently over-strained, it becomes stretched, and the 
heart muscle bcco'mes limp and flabby. 

People with over-fatigued hearts are not able to do hard work; 
they go up a flight of stairs with difficulty, and what is espe¬ 
cially important, they arc likely to succumb to serious illnesses. 
The heart activity of sucii people may become greatly weakened, 
and even death may come as a result of the stoppage (paralysis) 
of the heart, or, as it is sometimes called, heart failure. 

Conditions which bring about the weakening of heart acti¬ 
vity. Weakening of heart activity may come as the result of too 



streinious physical Ial)()ur, over-indulgence in sport, prolonged mental 
work accompanied by sleepless nights. 

Very often the regular work of the heart is destroyed by 
smoking. 

1'lie continued use of alcohol often brings about the fatty de¬ 
generation of the heart muscle, so tliat the muscle tissue is grad¬ 
ually replaced by fatty tissue. The accumulation of fat weakens 
the heart muscle, and the work of the heart may become insuffi¬ 
cient. 


RhVIhW QUESTIONS 

1. Wliat is the inlcrnal medium of llie organism called, and what is its 
signilicance? 

2 . Of wlial significance is I he niovcnient of IIic hlood in a circuit? 

a. What arc the peculiarities in structure of tlie arti'rics, veins and capil¬ 
laries? 

4 . Wliat is the difference belw'eeii arterial and venous blood? 

5. In whicli arteries docs venous blood flow? In whicli veins does arte¬ 
rial blood flow? 

t). Describe the slriicturc of the heart. Why docs the blood inside tlie 
heart move in orie direction? 

7. What is meant by rhyllirn of the heart contraclions? 

8. Wiiy docs the blood pressure change in different parts of the blood- 
vascular system? 

9. Wliat is the pulse? 

10. Why and how does the rate at whicli the blood moves cliaiige in dif¬ 
ferent parts of tlie vascular stream? 

11. Of wlial importance is the slow passage* of lilood in the capillaries? 

12. How dues muscle activity affect circulation? 

18. How is the woik of the heart regulated? 

14. What is the cause of any change in tlie filling up of the organs of 
our body with blood? 

15. Wlial is meant by the self-regulation of the cardio-vasculnr system? 

It), How docs the work of tlie licart cliangc in an athletically trained per¬ 
son, and in one who has had no alliletic training, willi the varying activities 
of the organism? 

17. Wliat may cause over-fatigue of the heart? 


23. The composition of the blood 

Blood precipitation. Blood is not transparent, and its colour is 
red. It is a liquid containing a great number of very minute 
blood corpuscles, floating about in tlie liquid and visible only 
under the microscope (see coloured plate 111). The blood corpus¬ 
cles may be separated from the liquid part of the blood, if we 
add some substances to the blood to prevent it from coagulating 
and forming clots. After the unclotted blood has settled, or pre¬ 
cipitated, two layers may be very clearly differentiated: the lower 
layer consists of blood corpuscles and is not transparent; it is of 
a dark red colour and is covered with an exceedingly thin whitish 
film; the upper layer is a very transparent, slightly yellowish liquid. 
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Plasma. The liquid part of the blood is called plasma. More 
than 90y* of the plasma is composed of water. About 1% of it 
is composed of sodium chloride, sodium carbonate and some 
other inorganic salts. The rest is made up of proteins (about 7Vu). 
grape sugar (0,1 to 0,I2Vo) and a small quantity of many other 
substances which are necessary for the cells of the body, or 
which constitute the products of their activity. The plasma also 
contains certain gases, particularly oxygen and carbon dioxide. 

The white blood corpuscles. The thin, whitish film which cov¬ 
ers the dark red sediment consists of white blood corpuscles, or 
leucocytes. These may be found in the blood of vertebrates and 
of invertebrates alike. Vertebrates have several kinds of white 


corpuscles, each kind possessing properties specific to itself. 


A white corpuscle is a cell 



Fig. 59. White blood corpuscles is.<!uing 
from the blood vessels and entering the 
intercellular spaces. 

The blood vessel is partly cut open; inside are 
seen red (1} and white (2) corpuscles: 3 — white 
corpuscles in the act of pushing their way through 
the wall; 4^ while corpuscles wandering about 
outside the vessel. 


resembling an amoeba. Like the 
amoeba, the wliite corpuscle may 
change its form and move about. 
The white corpuscles can move 
along the walls of the blood ves¬ 
sels and even in a direction 
opposite to the blood current. 
Moreover, they force their way 
through the thin walls of the 
minutest vessels, get into the 
intercellular and tissue spaces, 
and wander about in the tissues 
of the body (Fig. 59), or issue 
onto the surface of the mucous 
memliranes. 

Those white corpuscles that 
come out onto the surface of the 


mucous membranes usually die. They perish in vast numbers in the 
pus of inflammations (in an abscess, for instance), in inflammation 
of the respiratory tract. Pus consists almost wholly of dead white 
corpuscles. 

The number of white corpuscles is not constant: it iiicrea.ses 
after meals, and with muscle work. In general, the number usual¬ 
ly varies from 5000 to 10000 per cubic millimetre. 

The red blood corpuscles. Besides white corpuscles, the blood 
of vertebrates contains a great number of red blood corpuscles, 
or erythrocytes. The red corpuscles give the blood its red colour. 
The erythrocytes of a human being have the shape of double 
concave discs. They differ from the leucocytes in that they have 
neither the power of independent motion, nor the ability to change 
their form. 


The erythrocytes of fish and amphibians have a large nuc¬ 
leus, which occupies a considerable part of the corpuscle. These 
nuclei are comparatively small in reptiles and birds. The red 
corpuscles of mammals and of the human being have no nuclei at 
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all. However, the red corpuscles of the human embryo and of the 
embryo of mammals possess nuclei for a certain length of time. 
This proves that the erythrocytes gradually lost their nuclei in the 
process of the historical development of the animal world: at first 
the nuclei diminished in size, and then they disappeared altogether. 

In one cubic millimetre of human blood there are 4,5 to 5 mil¬ 
lion red corpuscles. Therefore, there are 500 to 1000 red corpuscles 
for each white corpuscle. 

Blood platelets. The erythrocytes, as we have said, are non- 
nucleated cells, but the blood platelets are not even cells, they 
are merely tiny particles of protoplasm. They are considerably 
more minute than either the white or the red corpuscles. There 
are from 300000 to 500 000 of these blood platelets in one cubic 
millimetre of blood. 

Wlien the blood flows out of a vessel, the platelets stick to 
one another and form small clots. 

The formation of blood corpuscles. The red corpuscles, like 
the white ones, die and disintegrate. New corpuscles are continually 
being produced in the organism to replace the dead ones. The 
organs in which the formation of blood corpuscles takes place are 
called blood-produ-cing organs. The chief blood-producing organ 
is the red marrow of bone. Here the red as well as the white 
corpuscles arc produced. Certain kinds of white corpuscles are pro¬ 
duced in the spleen and in the lymph nodes. 

Problenin Make a drawing of human hlood as seen midor the microscope. 


24. Erythrocytes and their function 

Hemoglobin. The red blood corpuscles, or erythrocytes, are 
oxygen carriers. 

The chief component part of erythrocytes is an exceedingly 
complex substance — hemoglobin. Hemoglobin is a compound of 
protein and of a peculiar dye-stuff containing iron. Hemoglobin 
readily unites with oxygen, and just as readily gives it up. When 
the blood flowing through the lungs is saturated with oxygen, 
almost all the oxygen combines with the hemoglobin of the red 
corpuscles. But when the blood passes into the organs, where the 
oxygen has already been used up by the cells, the hemoglobin 
gives up its oxygen to the cells. 

The size and shape of erythrocytes. Oxygen is absorbed 
through the surface of the red corpuscles. The greater the surface, 
the more quickly and the more completely does the hemoglobin 
of the red corpuscles become saturated with oxygen. The surface 
space depends on the size and shape of the corpuscles. The changes 
in the surface space may be demonstrated by breaking up a 
cobble-stone, for example, into small pieces. The surface space of 
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tlie whole cobble-stoiic is much smaller than the surface space of 
all the pieces into which the stone has been broken. The smaller 
the pieces, the greater will be the total surface space. 

Figure fiO shows the erythrocytes of various animals and of a 
human being. The red corpuscles "of mammals are very much small¬ 
er than tliose of birds, fish and amphibians. The tiny erythro¬ 
cytes of mammals and of the human being have a greater surface 
space per given volume than the large corpuscles of other animals. 
Moreover, each particle of hemoglobin in the small corpuscles is 

situated closer to the sur¬ 
face and can therefore unite 
with oxygen more readily. 

The shape of the human 
red corpuscles (double con¬ 
cave discs) increases their 
surface space still more in 
relation to their volume. 

riuis, both the size and 
tlie shape of human red 
corpuscles provide for the 
most complete and rapid 
saturation of he hk igl o bin 
witli oxygen. 

The significance of the 
absence of a nucleu The 
erythrocytes of man and of 
all mammals are sliorl-lived, 
due to the fact that they 
contain no nuclei; therefore, 
billions of new corpuscles 
iiiLisl be produced daily 
in tlie marrow of the bone. However, thanks to the absence of 
a nucleus, the red corpuscles are richer in hemoglobin, and there¬ 
fore fill up still more completely with oxygen. This is an advantage 
of great significance to man, whose need for oxygen is very great. 

Anaemia. Illness, poor nutrition, or loss of blood may give 
rise to a serious reduction in the number of the red blood cor¬ 
puscles. Sometimes the number of corpuscles remains normal, but 
the hemoglobin content in each corpuscle is reduced. In either 
case, tlie ability of the l-lood to absorb oxygen is diminished. 
As a result, the organism does not receive enough oxygen, and 
the oxidation processes are retarded. This causes general weak¬ 
ness and sluggishness, a bad appetite and rapid exhaustion of the 
organism. Such a condition of tlie organism is known as anaemia. 




Fig. (»(). Rt‘d blood torpiisrlos of a liinniifi 
being and of various animals. 

Ill til'* uppir rdw lire corpuscles without any nuclei; in 
tin; lower row are corpuseks that have nuclei: / — ek- 
plijint; 2 - man: .Y-- horse; cow; ■/ — pi^; -5 — fish 
iskiitc); 6 ■ 7 - piyeon. 


Questions. Why do people who live high up in the mountains have an 
increased amount of red blood corpuscles (sometimes as much as 8 million in 
one cubic millimetre of blood)? Witli what special constituents of the air is 
Ibis connected? Of what importance is this to the organism? 
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25. Coagulation, or clotting, of the blood 


Observation of the coagulation of blood. Let us pour into 
a test-tube sojiie blood freshly drawn from a blood vess'el. We 
see tliat the blood begins to thicken rapidly. In a few minutes 



ri^. 61. rormation of a blood clot: 


/ — witti frcslily drawn blood: 2--coajrui.iicd 

blood: .if — the cJol in a slirurikun .slali-. 


nil the blood consulates, turns into a jelly-like clot, and does not 
pour out of the test-tul)e. If we continue wntching the clot for 
several hours, wc will see that it shrinks up and stands 

away from the walls of the test-tube, and that a yellowish liquid 
collects around it (Fis- 61). 

If tlie process of blood coasulation is observed under the 
microscope, it may he noticed that very fine filaments appear, 
one after another, in the plasma. Tliese interlace, gradually forming 
a thick network, in the meshes of which the blood corpuscles are 
entrapped (Fig. (>2). 



A 


Fi^. 62. Coagulalic 

.4 — initial stage* of foajjiilation: little lumps o 
threads of fibrin, are seen; atnonji tlie tbre; 
clot in a shrunken slate; the threads of fib 



II of llie blood: 

f fused blood platelets, from which extend 
ds there are blood corpuscles; li — the 
in in a thickened and shortened slate. 


Fibrin. Blood is capable of coagulating because, besides other 
proteins, the plasma contains a small quantity of the protein, fibri- 
nogerv, fibrinogen is easily converted into the solid state and is pre- 



cipitated out of solution in the form of very fine filaments which 
form the clot. In its insoluble state this protein is called fibrin. 

Fibrin may be easily obtained by beating up, with thin little 
sticks or twigs, some fresh blood drawn from a blood vessel: a 
mass of the thin fibrous filaments of fibrin will collect on the 
twigs or sticks. 

The serum of the blood. The blood which remains after the 
fibrin has been separated from it is not capable of coagulating 
any more. If this blood is left in the test-tube, the blood cor¬ 
puscles gradually settle to the bottom; above them remains a trans¬ 
parent, yellowish liquid, which is called serum, and which differs 
from plasma only in that the fibrin has been separated from it. Serum 
may also be obtained at the ordinary clotting of blood; serum 
is the liquid which issues from the clot when the clot shrinks. 

Ferments, or enzymes. In order to understand the complex pro¬ 
cess of blood coagulation, we must make a study of a remarkable 
property of the organism. 

Various chemical transformations, sometimes very complex ones, 
go on in all the organs and tissues of the body. Most of these 
reactions, if we try to reproduce them in the laboratory, require 
conditions that never occur in the organism. As we know, the 
speed of chemical processes depends upon the temperature: the 
higher the temperature, the more rapid and energetic the chemical 
reaction will be. Many processes, among tliem the process of the 
oxidation of carbo-hydrates, which goes on in the organism on such 
a large scale, may be brought about outside the organism only at 
a very high temperature. But these very same processes take place 
witli great speed, at body temperature, inside llie organism. 

Some chemical reactions occur witli greater force and speed 
when certain substances are present. 'I'liese substances are accel¬ 
erators, or catalytic agents. Similar accelerators of reactions may 
be found in any organism. They are called ferments, or enzymes. 

Ferments are produced by the cells of the living organism. 
Their role is extraordinarily great: ferments of different kinds are 
active and absolutely necessary participators in the vast majority 
of chepiical processes that go on in the organism. 

The properties of ferments, or enzymes. One of the most 
remarkable properties of ferments is that their mere presence is 
enough to bring about a reaction. They are, so to say, the media¬ 
tors in chemical processes, while their quantity hardly changes during 
the reaction. Thus, a very small quantity of ferment is enough to 
convert dozens of kilograms of animal starch into sugar. 

Ferments act best at body temperature. If the temperature is 
lowered, their action weakens. Boiling destroys ferments. 

Ferments possess the important property of being specific. 
This specific quality of ferments expresses itself in the fact that 
each ferment can bring about only certain definite chemical reac¬ 
tions. 
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The role of ferments In blood coagulation. There are several 
different kinds of ferments in the blood. One of them is thrombin, 
which participates in the coagulation of blood. 

Thrombin usually occurs in the blood in an inactive state. When 
acted upon by a special substance — “a« activator” — the 
thrombin is converted into an active state, and then the blood 
begins to coagulate. Under normal conditions, the blood does not 
coagulate, because there is no “activator" in it. The “activator” is 
contained in the blood platelets. When the blood platelets disin¬ 
tegrate (and they always disintegrate as soon as the blood flows 
out of the vessels), an “activator” appears in the blood; the throm¬ 
bin is converted into an active state, and turns the soluble fibri¬ 
nogen into insoluble fibrin. 

'I'he participation of lime salts, which are always present in the 
blood, is an absolutely necessary condition for the coagulation of 
blood. If certain chemical substances (for example, oxalate of 
sodium) are added to tlie blood, the lime salts are precipitated, 
and the blood loses its ability to coagulate. When we want to 
prevent the coagulation of fresh blood drawn from a vessel, we 
add a small amount of oxalate of sodium to it. 

Thrombosis of the blood vessels. The blood inside the blood 
vessels does not coagulate. But, sometimes, in cases of rheumatism 
and some other diseases, the inner membrane of the heart or of a 
blood vessel is affected. The blood begins to coagulate at the 
place which has become affected, and little clots of blood, or 
thrombi, are formed. If a tiny particle of a thrombus is torn away, 
it may be carried by the blood stream into some organ, and there 
bring about tlirombosis of a blood vessel. Thrombosis of the ves¬ 
sels of the brain or of some other organs may be the cause of 
serious illnesses, and sometimes even of death. 

The importance of blood coagulation. The importance of 
blood coagulation is clear: the clot stops up the opening of an 
injured vessel, and further bleeding is checked. If clots did not form 
when blood flowed out of a vessel, the slightest wound would cause 
bleeding without any stoppage, and death would inevitably result. 

The greater or lesser losses of blood that occur during a surgical 
operation depend, to a large extent, on the speed with which the 
blood of the patient coagulates. With some patients, coagulation 
takes place so slowly that the slightest cut is followed by prolonged 
bleeding. Before beginning an operation, the surgeon should 
examine the patient’s blood in order to determine the speed with 
which it coagulates. 

In the Soviet Union, where special means are used to inten¬ 
sify the coagulating ability of the blood, surgeons proceed to 
operate with assurance on all patients. 

Bleeding, or hemorrhages. There is often considerable bleed¬ 
ing in cases of wounds or injuries. Bleeding may be arterial, ve¬ 
nous and capillary, depending upon which vessels have been injured. 
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The most dangerous of all is an arterial hemorrhage. The blood, 
subjected to great pressure, spurts from the injured artery with 
force, sojiictimes in the form of a pulsating fountain. 

In cases of venous bleeding, the blood flows out in an even 
stream, without any noticeable pressure. 

In cases of severe venous hemorrhages, and especially of severe 
arterial lieniorrliages, there is not enougli time for clots to form on 

the edges of the wound; and if clots 
do form, they are iiiiiiiediately torn 
off and carried away by the out¬ 
flowing blood. 

When the wound is on the sur¬ 
face of tlie skin, it is usually only 
the capillaries and the smallest ar¬ 
teries and veins that are injured. 
In such a case, the whole surface 
of the wound bleeds and becomes 
covered with tiny drops of blood. 
Such bleeding is called capillary 
bleeding. 

How to stop bleeding, or 
hemorrhages. In order to stop cap¬ 
illary bleeding, as well as sliglit 
venous and arterial bleeding, it is 
enough to bandage the injured part, 
after having first put some gauze, cot¬ 
ton wool or strips of gauze ban¬ 
dage on the bleeding wound. 

In case of a severe arterial 
hemorrhage, it is necessary imme¬ 
diately to compress well with the 
finger the artery which is bringing 
blood to the injured part of the 
body. The places where the most 
important arteries of the body should 
be compressed in cases of bleed¬ 
ing are shown in figure 63. By 
feeling for these places on one's own body, one may learn to 
locate them quickly and easily. 

In order to compress the artery for a prolonged period of time 
in cases of injury to the arms or legs, a ligature is used in the 
region of tlie humerus or femur. A rubber tube or a leather belt, 
a gauze bandage or handkerchiefs etc., may be used as ligatures. 
To compress the artery better, a tightly rolled gauze bandage or 
a ball of some clean cloth is inserted under the ligature. A liga¬ 
ture inside the bandage should not be used for more than one or 
two hours. If it remains there for a longer time, mortification of 
the tissues may set in. 



na. Points where the arteries 
ore eoriipressed in eases ol bleeding: 

/ — occ'ipilal artery; 2 teaiporal artery; 
.7—maxillary artery; ^—carotid arteries: 

- subclavian arltny: 6’-- axillary artery; 
7 — bra cilia 1 artery; .7 — radial artery; — 
ulnar artery; femoral artery; II —anter¬ 

ior tibial artery; 12— posterior tibial artery. 
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Blood clotting is considerably accelerated if the bleeding is 
first partially stopped by compressing tlie artery and then by bind¬ 
ing it tightly with a bandage. 

In case of a severe hemorrhage, a physician should be sent for 
without delay, while the above mentioned first aid measures are 
being applied. 

In order to lessen the drainage of blood from the brain and to 
facilitate the work of the heart, the head of the injureil person 
should l)e placed a little lower than the trunk of the body, while 
the arms and legs should be raised; hot water bags, or bottles 
with hot water, should be applied, and hot drinks given often to 
keep the patient warm. 

The application of thrombin. Soviet scientists have succeeded 
in working out a method of producing thrombin out of the plasma 
of the blood; gauze soaked in a solution of such thrombin quickly 
checks bleeding. 'I'his method was successfully used during the 
Great Patriotic War, especially in cases of wounds in the brain 
and in the internal organs. 

Question, M’lu'n cliildn-n play out in the cold, Ihcy soniclitnes gQ.\ scralclics 
or abrasions which bleed For a lon^ lime. How can you explain such 
prolonged bleeding? 

Problems, 1. (-opy llie diagram given below of llie coniposilion of the 
blood. Instead of the figures I, 2, a, write the names of the blood corpuscles, 
and in pareniheses show their imporlancc. Instead of ilie figure 4, enumerate 
all tlial enters into the composition of serum. 


I blood corpuscles 

1 . 

2 . 

a. 


whole blood j 



plasma 



fibrin | j serum 

. .. 


2. A part of a somewhat different diagram of the composition of the blood 
is given below. Copy this diagram, finish it, giving the necessary explanations. 
Give a written account of the differences between the first and the second 
diagrams. 


whole blood 


fibrin 



defibrinaled blood (blood 
from which the fibrin has 
been removed) 


3. Using figure 63, find on your own body the points where the most 
important arteries of the body are compressed in cases of bleeding. 
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26. The defensive properties of the blood 

Contagious diseases. There are vast numbers of microbes in 
the soil, in tlie air, in water — everywhere. We are constantly 
swallowing them with our food, with water; we breathe them in 
with the air. Most of the microbes are not harmful to us, but 
some microbes that get into the organism may prove to be car¬ 
riers of disease. Illnesses brought about by microbes are called 
contagious, or infectious, diseases. 

A person is always in contact with the germs of tuberculosis, 
diphtheria and many other diseases. However, it must not be 
thought that illness sets in each time microbes find their way 
into the organism. A disease is contracted when the microbes 
that get into the organism find favourable conditions for their 
reproduction and overcome the resistance of the organism. 

There is a continual struggle going on between the microbes 
and the organism, upon the outcome of which depends the health, 
and sometimes even the life of a person. When the microbes of 
some contagious disease find their way into the organism and 
quickly die there, without infecting the organism with that disease, 
we speak about the immunity of a person to -the given disease. 

There are a great number of defensive substances in our body 
that prevent the formation of diseases. Thus, for example, many 
microbes that enter the stomach die there as a result of the action 
upon them of hydrochloric acid, which is one of the constituents 
of gastric juice; mucus, secreted by the mucous membrane, also 
has a destructive effect upon many microbes and, in any case, 
prevents tlieir rapid reproduction. 

Inflammation. Each organ responds with a defensive reaction 
to mechanical injury, such as a bruise, a wound or a burn, as well 
as to the presence, in the tissue, of microbes or any other irrita¬ 
ting substances as, for example, concentrated acids. 

The blood vessels of the affected area dilate, the white blood 
corpuscles issue from the vessels in great numbers and collect 
round the foreign bodies and round the whole infected section. 
Such a reaction of the organism is called inflammation. The in¬ 
flamed part of the body, due to the rush of blood to that spot, 

usually becomes red and warmer than normal. The flow of fluid 

from the blood in the interstices and spaces of the tissues is 
increased and causes the inflamed part to swell. 

riie inflammation of an organ, for example, of the lungs, the 

bronchi (broiichiti.s), the kidneys, etc., is often accompanied by a 

general rise in temperature. In other cases, inflammation is of a 
local character. Inflammatory skin reactions of a local character 
are those that occur frequently when the skin is injured or when 
foreign bodies (such as splinters) get into it. The nervous system, 
by influencing the processes of metabolism, determines the course 
which an inflammatory reaction will take. 
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The inflammatory reaction facilitates the work of the organism 
in its struggle against any injury, whether it is a burn, a bruise, 
or an attack by microbes that have penetrated into the organism. 
But how, after all, is this struggle conducted? How does the organ¬ 
ism defend itself against contagious diseases? Upon what does 
the insusceptibility to disease fundamentally depend? The answers 
to these questions were given by the outstanding Russian scientist, 
Metchnikov. 

I. I. Metchnikov, the founder of the theory of immunity. 

1. 1. Metchinkov, whose name is known throughout the whole 
world, was born in 1845. His 
interest in the natural sciences 
began when he was only eight 
years old; when he was a 
first-year student at the univer¬ 
sity, his first serious scientific 
work was printed. Metchnikov 
studied invertebrate animals for 
a period of twenty years, and 
made many very remarkable 
scientific investigations. But he 
was always eager to do more 
and better work. From his very 
youth, he dreamed of doing 
work that would be of service 
to mankind, that would bring 
more happiness to humanity. 

Metchnikov was fortunate 
enough to realize his dream. In 
1882 he made a discovery that 
immortalized his name. He proved 
that the white blood corpuscles 
play an important defensive role: 
they attack and destroy microbes. 

I. 1. Metchnikov devoted the rest of his life to the study of 
the struggle of the organism against contagious diseases. He can 
truly be called the founder of the theory of immunity, that is, of 
insusceptibility to contagious diseases. 

Another branch of his work dealt with the problem of the fight 
against premature old age. 

Because of the obstacles that were continually put in his way 
in tzarist Russia, Metchnikov was forced to leave his native country 
and to settle in France. 

“It might be thought,” wrote Metchnikov later, “that in Russia 
the time has not yet come when science might prove to be use¬ 
ful. 1 do not agree with this. On the contrary, 1 think that, in 
Russia, scientific work is a necessity, and 1 hope with all my 
heart that the future will bring more favourable conditions for it.” 



I. I. Mctulinikov 
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Metclinikov came to Russia very rarely during the 28 years of 
liis life in France, but during that time he kept up an uninterrupted 
connection witii Russian scientists. Hundreds of Russian pliysicians 
and scientists worked under liis leadership in the famous Pasteur 
Institute in Paris. 

I. 1. Metclinikov always dreamed of a time wlien Russia would 
be free, and wlien conditions would at last be created under which 
science could flourish there. The.se conditions were created by the 
Great October Socialist Revolution, wliich I. I. Metclinikov did not 
live to see,- ■ lie died in I'JKi. 

The role of the white blood corpuscles. The basis of Metcti- 
nikov’s theory of immunity is his work of investigation concerning 
the role of the white blood corpiKscles. With the help of their movable 
projections, leucocytes can seize and engulf .solid particle.s, and 
then dissolve and di''est them in their bodies. 

Great numbers of white corpuscles may be found wherever 
there are cells in an injured state or in a state of disintegration, 
or wherever any foreign bodies, including microbes, appear. The 
leucocytes seize upon and engulf what is left of the disintegrat¬ 
ing cells of the body, and also the microbes that have found 
their way into the organism (Fig. <>4). This is exactly why 
white corpuscles often collect in vast numbers in an inflamed part 
of the body. 

Besides po.s.sessing the ability to seize upon and absorb mi- 
crol.ies, wliite corpuscles are also able to produce antidotes to va¬ 
rious noxious and poisonous substances that may enter the or¬ 


ganism. 

Phagocytosis. Cells that have 
bodies, including microbes, may b 



64. Pluijfocylosis: 

7--.5 — .sugce.ss>ivTr .slajjixs of microbf 
li - pus l orpusclc. 


the ability to engulf various 
found not only in the blood, 
but also in the various organs 
of the body, especially in the 
spleen and in the liver. 

This can be proved by in¬ 
troducing a liquid, in which 
are suspended small grains of 
India ink or of other dyes, 
into the blood of an animal;'the 
grains disappear from the blood 
and soon appear again inside 
certain definite types of cells. 

Metclinikov gave the name 
of phagocytes, that is, devour¬ 


ing cells, to the leucocytes, 
as well as to other cells, possessing the ability to engulf extra¬ 
neous bodies. Phagocytes seize upon and digest not only mi¬ 
crobes, but al.so various injured or disintegrating cells of the body. 
The phagocytes seize upon disintegrating erythrocytes in the liver 
and the spleen; they devour the cells in the hair that contain 
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pigrnent (dye-stuff), as a result of which the hair turns gray. In 
the metamorphosis of the tadpole into a frog, the phagocytes take 
part in destroying tiie cells of its disappearing tail. Ths seizure and 
engulfment, or digestion, of various bodies is called phagocytosis. 

Mctchnikov’s theory of phagocytosis laid the foundation for 
the contemporary notions concerning the struggle of the organism 
against contagious diseases. It may be said to be definitely deter¬ 
mined that the insu.sceptibility of the organism to one contagious 
disease or another is connected with the ability of the phago¬ 
cytes to destroy quickly and energetically the microbes that have 
invaded the organism. If phagocytosis proceeds slowly and slug¬ 
gishly, the microbes in the organism multiply easily and, as a 
result, the disease is contracted. 

The ability of the phagocytes to seize upon and digest microbes 
quickly depends, to a great extent, upon the properties of the 
blood and of other fluids in the body. It was ascertained long 
ago that the serum of the blood, which does not contain any 
blood corpuscles at all, can weaken the microbes, retard their 
reproduction, and even kill them. Similar substances that weaken 
the microbes were found in saliva, in mucus, and even in tears. 
'I'he action of all these substances on microbes facilitates and 
intensifies phagocytosis. 

Anti-bodies. If the germs, or microbes, of any contagious disease 
get into the organism, special protective substances — anti-bodies, 
appear in the blood. Each anti-body can destroy only one definite 
species of microbe. Tims, in the serum of a person who has suf¬ 
fered from typhoid, there are anti-bodies which act on the germs 
of typhoid, but wliich have no effect whatever on the germs of 
diphtheria. And, vice versa, the serum of a person who has been 
ill with diphtheria contains anti-bodies which destroy the germs 
of diphtheria, but which are harmless to the germs of typhoid. 

Anti-bodies may pos.sess various properties. In some instances, 
they cause the microbes that have invaded the organism to stick 
together in little lumps; in other instances, they dissolve the 
microbes or neutralize the poisons produced by them. 

In killing or weakening the microbes and neutralizing their 
poisons, the anti-bodies create the conditions for the intensifica¬ 
tion of phagocytosis, and thus strengthen the organism, facilitat¬ 
ing its struggle against contagious diseases. The susceptibility of 
a person to one disease or another depends, to a great extent, 
on the production of anti-bodies. 

The formation of anti-bodies, just like any other process that 
goes on in the organism, is controlled by the nervous system, 
and especially by the higher division of the nervous system - 
the cortex of the cerebral hemispheres. This explains the well- 
known fact that the ability of the organism to fight disease de¬ 
pends upon the general state of the organisui and upon the con¬ 
ditions in which the organism finds itself. 


89 



tnimuntty 

Not all people are equally susceptible to contagious diseases 
of various kinds. Some people do not contract a disease, in spite 
of the fact that they may be in contact with sick people, or taking 
care of them. Such insusceptibility to a contagious disease is called 
immunity. 

Natural immunity. Sometimes a person is insusceptible to some 
disease from birth. Usually, immunity to a certain disease is ac¬ 
quired after a person has had the contagious disease. Once a person 
has had tj'^phus or small-pox, he is not likely to contract it a second 
time. His organism develops immunity to the given disease. 

Tlicre are other contagious diseases to wliich a person wlio 
has had them may become immune for a very short time only, and 
sometimes not at all: for example, the grippe. Inborn immunity, as 
well as immunity that is acquired after an illness, is called natural 
immunity. 

Artificial immunity. A person may be made immune to cer¬ 
tain diseases by artificial means — with the help of corresponding 
inoculations or by the injection of serums. 

The first attempts to bring about insusceptibility to contagious 
diseases originated in ancient times. More than a thousand 
years ago, attempts were made, in Georgia, to prevent the spread 
of small-pox by piercing the skin of healthy people with needles 
that had been immersed in the pus of small-pox. In Africa, inocu¬ 
lation has been used from time immemorial to protect a person 
from the fatal results of the bites of poisonous snakes. 

At the end of the 18th century, Jenner, an English village 
doctor, discovered, as the result of the remarkable observations of 
many years, a correct and safe method of producing immunity 
artificially. Jenner proved that if a person was inoculated with 
cow-pox, he became only sligfitly ill with it and would later be 
insusceptible to small-pox — a very noxious and often fatal disease, 
peculiar to man. 

In the years immediately following the publication of Jen- 
ncr’s work, inoculation with cow-pox, or vaccination, began to 
be widely used in all countries of the world, including Russia. 

In spite of the evident success of vaccination, reactionaries 
raised a storm of protest against Jenner. “Scientists” appeared, 
who pointed out that if people were inoculated with cow-pox, 
they would be turned into animals. The pope at Rome proclaimed 
that all those who allowed themselves to be vaccinated were 
atheists. Members of the English Parliament delivered speeches 
in whicli they denounced inoculation with cow-pox (vaccination) 
as an infamous and criminal matter. Even now, vaccination is not, 
in reality, compulsory in England. 

At the present time, there are protective inoculations against 
many diseases — small-pox, typhoid, typhus, diphtheria, dysentery. 
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and other diseases. In all these cases, microbes that are either 
weakened or dead are injected into the organism of a person. 

Before a person is inoculated with protective vaccine for small¬ 
pox, a calf is first injected with the disease. The calf gets the 
disease in a mild form; at the same time, the smail-pox microbes 
in its organism become weakened. The liquid from the small-pox 
vesicles of the animal are transferred to the affected part of the 
skin of a person. The weakened microbes are not able to bring 
about a severe form of the disease in the person. Two or three 
vesicles appear on the part of the skin where the inoculation has 
been made; sometimes there is a sliglit feeling of discomfort, and 
the temperature rises, but then all passes away. As a result of 
vaccination, a person is safe from small-pox microbes, even if 
they are not in a weakened state. This may be explained by the 
fact that the organism has acquired the ability to produce quickly 
the anti-bodies which destroy the given microbes. 

Serum used In medicine. To help a person in his figlit 
against the microbes which have found their way into ids organ¬ 
ism, so-called medicinal serum may be injected into his organism. 

It is known that the microbes of diphtheria usually settle on 
the tonsils of the throat. However, although they remain in tliat 
place, they poison the whole organism by secreting a powerful 
poison, or toxin, which brings about a severe form of the disease. 
The organism responds to the appearance of the toxin by begin¬ 
ning the production of a corresponding anti-body, which renders 
the diphtheria toxin liarmless. This anti-body is found in the blood 
and is called anti-toxin, that is, anti-poison. If the anti-toxin is 
produced quickly and energetically enough, the organism has 
time to neutralize and even destroy the harmful action of the 
diphtheria poison. In many cases, however, the disease develops 
so quickly that the organism cannot manage to produce a large 
enough quantity of anti-toxin, and the patient dies. If medicinal 
serum, which already contains prepared anti-toxin, is injected in 
time through the lymph and the blood, it will spread throughout 
the whole organism and neutralize the diphtheria poison. 

To-day medicinal serum is prepared not only for fighting against 
diphtheria, but also against a number of other diseases. To get 
medicinal serum with anti-bodies ready for use, an animal is im¬ 
munized (for example, a horse or a rabbit); in other words, artifi¬ 
cial immunity is brought about in the animal by injecting it with 
microbes, or with a toxin produced by the microbes, at first in 
small doses, and then in larger and larger doses. In this way, the 
corresponding anti-bodies are produced in the animal’s blood. If 
the blood serum taken from such an animal is injected into the 
organism of a patient, then the patient receives, together with the 
serum, anti-bodies that are all ready for use. 

Passive and active Immunity. If the serum from an immun¬ 
ized animal is injected into the organism of a healthy person, im- 
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fflunify is developed, in the preparation of which the human organ¬ 
ism itikes no parti he gets anti-bodies ready for use together 
with the animal serum. Immunity produced witliout the participation 
of the organism Is called passive immunity. As a rule, passive 
immunity lasts only for a siiort time, seldom for more than a 
montli, but then, it is produced imtnediately after tlie serum is 
injected. 

Artificial immunity, brought about by protective inoculations, 
is produced by the organism itself, and is therefore called active 
immunity. As a result of active immunity, the organism acquires 
the al)ility to produce its own anti-l)odies. Active immunity lasts 
much longer -- often several years and sometimes a whole lifetime. 
Active immunity takes some time to produce: after an inoculation, 
a week or two, and sometimes even more, must pass before tlie 
organism produces immunity. 

The Influence of the state of the organism on immunity. 

Sometimes a person may become infected and contract a disease in 
spite of protective inoculation. In such cases, the disease proceeds 
in a mild form, and is often limited only to some slight indispo¬ 
sition. Consequently, insusceptibility to disease is i:ot always 
complete. It depends upon the extent to which the organism can 
resist the deadly action of microbes, and upon the extent of its 
ability to produce anti-bodies that will destroy microbes. 

Susceptil)ility to disease may vary- -it may increase or de¬ 
crease, depending upon the state of the organi.srn, and upon the con¬ 
ditions in which the organism finds itself. 

exposure to extreme cold diminishes the vital activity of the 
organism and, thus, by weakening its power, at the same time lowers 
its resistance to contagious diseases. The influence of cold on 
susceplil)ility to disease lias been clearly demonstrated liy a .series 
of experiments on animals. The famous I-'rench .scientist, Pasteur, 
infected some hens with so-called chicken cholera. Then the legs 
of some of the hens were immersed in cold water. As a result, the 
percentage of hens that contracted the di.sease was higher an’iong 
those hens that had been subjected to the cold. 

The state of the human organi.srn and, consequently, its .suscep¬ 
tibility to disease, is determined by tlie nervous system to a 
great extent. All the conditions in which a person lives and 
works, including his social condition!?, act upon the organism 
through the nervous system, namely, through the cortex of the 
cerebral hemispheres. That is wliy fatigue, low spirits, depressed 
and moody thoughts, may increase the susceptiliility to disease. 

The successful struggle against contagious diseases In the 
U. S. S. R. In 1919, after the Great October Socialist Revolution, 
y. 1. Lenin signed a decree making vaccination compulsory. 
Since that time, small-pox, from wiiich so many people, in tzarist 
Russia, died and from which still more people iiecame blind and 
disfigured every year, has disappeared in the Soviet Union. 
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There are tio luorc plagues and cholera in our country. In 
comparison with pre-revoiutionary times, the death-rate from tul;er- 
clilosis has been greUtiy reduced; 

III our country inoculations against dipiitheria and scarlet fever 
arc made in all the schools and kindergartens. Inoculations against 
typhoid, dysentery and other diseases are widely used. As a result, 
a fewer number of people of the U. S. S. R. contract typhus, 
dysentery, scarlet fever, diphtheria; while those that do contract 
any of these diseases, have them in a milder form. Medicinal 
serum, which facilitates tlie struggle of the organism against disease 
and hastens its recovery, is very widely used Iry us in treating 
contagious diseases. The role of medicinal serum is especially 
great in tlie figlit with dipiitheria. Very many children died of 
this disease in tzarist Russia. In Soviet times, death from diph¬ 
theria is very rare. 

The general state of the organism is greatly influenced by 
the social environment, the social system under which a person 
lives and works. The exploitation of labour in capitalist countries 
not only lowers the living standard of the workers, wastes their 
energies and brings about exhaustion, but it also causes de¬ 
pression of the psychic state. All this, taken together, increases the 
susceptibility to diseases. And there is nothing strange in the 
fact that ill bourgeois countries statistics show that disease-rates and 
death-rates are higher among the proletariat than among the rul¬ 
ing classes; while some diseases are found almost exclusively 
among the workers. 

In the 11. S. S. R. the exploiting class was destroyed, and 
thus, together with this class, disappeared even the possibility 
to exploit labour. Those social conditions which help to preserve 
the health and to reduce the susceptibility to disease are improv¬ 
ing from year to year. As a result, the number of disease cases 
and the death-rates in our country have been greatly reduced in 
comparison with the pre-revolutionary period. 

Qaestion. If there is a case of contagious disease in a family (for example, 
diphtheria), in what way may immunity be produced in the organism of the person 
wlu) is in conlaci witli the patient? Explain wliy a different method is not suitable 
in the given case. 


28. Blood transfusion 

Reasons for the death of patients in blood transfusion. In 

certain diseases and in cases of severe hemorrhages, it is often 
necessary to transfuse into the blood of a patient a quantity of 
blood taken from a healthy person. 

Formerly, repeated attempts had been made to transfuse the blood 
of an animal to a person. Such attempts usually proved fatal. How¬ 
ever, even human blood is not always suitable for transfusion, 
though it may be drawn from a perfectly healthy person, 
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Careful study has shown that the death of patients after blood 
transfusion is due to the fact that the red blood corpuscles glue together. 

This gluing together of the red corpuscles may be observed 
under the microscope, if we mix a drop of blood from a sheep 
with human serum: through the microscope we see, not separate red 
corpuscles, but little lumps consisting of a great number of cor¬ 
puscles glued together. The same phenomenon may sometimes 
occur when the liquid part of the blood of one person is mixed 
with the erythrocytes taken from the blood of another person. 
If tliis liappens during the transfusion of blood, the little lumps 
that are formed bring about thrombosis of the blood vessels and 
prevent the normal circulation of the blood, — a condition which 
may prove fatal. 

In order that the red corpuscles should glue together, two con¬ 
ditions are necessary: firstly, the plasma must contain a special 
anti-body that will cause the red corpuscles to glue together; 
secondly, the erythrocytes must contain a substance that can be 
acted upon by that anti-body. Two different kinds of anti-bodies 
may be present in the plasma of human blood, and there may be two 
substances in the red corpuscles upon wliich these anti-bodies act. 

Blood grouping. Blood never contains, at the same time, both 
the anti-body and the substance upon which this anti-body acts. 
If it did, the plasma would become glued to its own red cor¬ 
puscles, and the circulation of tlie blood would become impossible. 

All people may be divided into four groups, depending upon 
the presence in their blood of anti-bodies and of the substances 
on which these anti-bodies act. 

The substances found in the erythrocytes are designated by the Latin ietters 
A and B. The corresponding anti-bodies arc designated by the Greek letters — 
a (alpha) and ^ (beta). 

People with plasma containing both anti-bodies a and fi belong to t/ie first 
group- it is clear that there can be neither substance A nor substance B in the 
red corpuscles of such people. The blood of people of the second group con¬ 
tains only one anti-body — fs; accordingly, substance A may be found in their 
red corpuscles, but never substance B. The plasma of the third group contains, on 
the contrary, anti-body o, while the red corpuscles contain substance B. The two 
substances — A and B — are contained in the red corpuscles of people of the 
fourth group; in the plasma of people of this group there is neither anti-body 
a nor anti-body p, and cannot be. 

In blood transfusion, it is very important that the erythrocytes introduced 
into the blood should not glue together in the blood of the patient; the intro¬ 
duction of anti-bodies that act on the red corpu.scies of the patient constitutes 
no danger. Therefore, blood of the first group, the erythrocytes of which contain 
neither substance A nor substance B, may be transfused to any person. But a 
patient with blood of the first group, which has both anti-bodies (a and p), can 
receive no other blood than that from a person of that same group. 

Table 1 shows to what group the blood of a donor* must be¬ 
long in order that it may be used for transfusion to a patient. 
Thus, for example, if the blood of a donor belongs to the first 

‘ A donor is a person who gives his blood to a patient, 
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group, it may be transfused to all patients; the blood of people 
of the fourth group may be transfused only to patients whose 
blood belongs to the same group. 

Ta^/e 1 


A donor’s blood 

A patient's blood 

of the 1st group 

(“: W 

of the 2d group 
(A; p) 

of the 3d group 
(»; «) 

of the 4th group 
(A; B) 

of the 1st group (a; jij) 

possible 

possible 

possible 

possible 

of the 2d group (A; fi) 

impossible 

possible 

impossible 

possible 

of the 3d group (B; a) 

impossible 

impossible 

possible 

possible 

of the 41h group (A; B) 

impossible 

impossible 

impossible 

possible 


The Importance of blood transfusion. Blood transfusion has 
become absolutely safe and is used on a wide scale, due to the 
preliminary examination of the blood of the donor, as well as 
that of the patient. In many diseases, the life of a patient can 
be saved by this method. I'ransfusion acquires special significance 
in cases of great losses of blood, as, for example, from wounds. 

No country makes use of blood transfusion to such an extent 
as our country. Our scientists have worked out new methods of 
conserving the blood, and also a method of utilizing the blood 
of a dead person. 

During the Great Patriotic War a special “Blood Transfusion 
Service” was organized in the Soviet Union; the work of this 
organization saved the lives of many thousands of wounded fight¬ 
ers of the Soviet Army. Stations for the collection and conser¬ 
vation of blood to be sent to the front were organized in large 
towns of the Union. Five and a half million Soviet patriots gave 
their blood to save the lives of the valiant defenders of our 
country. 


REVIEW QUESTIONS 

1. What are the roles of the red and the while blood corpuscles? 

2. What are ferments (enzymes) and what arc their role in the organism? 

3. Explain the process of blood coagulation, and state its significance. 

4. What first aid must be rendered in the case of cuts and wounds? 

5. Arteries are usually situated deeper in the body than veins; of wh:.t 
biological significance is this fact? 

b. What are the protective properties of the blood? Why may inflamma¬ 
tion be called a protective reaction of the organism? 

7. What is phagocytosis? 

8. What is immunity? What kinds of immunity do you know? 

9. What helps to reduce the susceptibility of a person to disease? 

10. Of what importance is blood transfusion? What rules must be observed 
in blood transfusion? 
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IV. THE ORGANS OF RESPIRATION 


29. The significance of the respiratory organs 

The importance of oxygen. Every living creature needs oxy¬ 
gen for the processes of oxidation tliat go on in its organism. 
During tiie process of oxidation, as well as during other chemical 
processes that bring about tlie splitting up and disintegration of 
the cellular substance, potential energy is released. Moreover, the 
neutralization of main' poisonous waste products, which are pro¬ 
duced in the process of cellular and tissue activity, takes place 
by means of oxidation. 

One of tlie chief products formed as a result of the oxidation 
processes is carbon dioxide, or carbonic acid. 

The interchange of gases between the organism and its 
environment. The organism is in constant need of taking in 
oxygen from the surrounding medium and of giving up tlie excess 
of carbon dioxide to the exterior. 'I'he interchange of gases be¬ 
tween tlic organism and tiie external environment is called respi¬ 
ration. 

Some marine invertebrates easily absorb, tlirough the walls 
of their bodies, the oxygen dis.solved in tlie water. They elimi¬ 
nate tlie carbonic acid produced in tlieir bodies in the same way. 
However, many invertebrates have special respiratory organs, by 
means of which the gaseous interchange between the organism 
and its external environment is greatly intensified and facilitated. 

The respiratory organs of vertebrates. All vertebrates have 
respiratory organs- even .such animals as the frog, for e.xample, 
in which the interchange of gases may be carried on through the 
skin. In the process of development of the animal world, these 
organs, like all the other organs, kept on changing and became 
more and more complex. 

The respiratory organs of the lower vertebrates that live in 
the water are the gills. With the gradual transition of life in the 
water to life on land, air liags, or lungs, began to develop. Dipnoi 
fish and some amphibians have both gills and lung bags, which 
serve as additional respiratory organs. 

'I'he lung bags of the lower forms of amphibians (for example, 
the proteus), have smooth walls, as a result of which the contact¬ 
ing surface between the blood vessels and the air contained in 
the lungs is very small, 'i'he little folds that develop in the lung 
bag of the salamander increase the absorbing surface to some 
extent. 

However, the lungs of amphibians do not provide for a suffi¬ 
cient interchange of gases. 'I'he cfiief organs of respiration in 
some of them are, as they were before, the gills. In frogs, in spite 
of the considerably greater development of the absorbing surface 
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of its lung^s, lilt; iiitorcli:iiigo of gases goes on chiefly tlirougli its 
tliin, mucus-covered skin, tlirougli which oxygen and carbon di¬ 
oxide pass easily. A frog remains alive after its lungs have been 
removed, but it dies if respiration through the skin is artificially 
stopped, even though the lungs are left intact. 

In reptiles, birds and mammals, the lungs have become their 
only organs of respiration, and have acquired a very large absorb¬ 
ing surface. 


30. The structure of the respiratory organs 


The respiratory tract. A human being breathes only through 
the lungs. 

Before air that is inspired enters the lungs, it must pass 
through a long passageway. The respiratory tract begins with the 
nasal cavity (Fig. t)5), separ¬ 
ated from tlie mouth cavity 
by a partition, — at the front 
by a hard partition {the hard 
palate) and at the back liy 
a soft partition {the soft pal¬ 
ate). On the outer edge of 
the n<xse openings are little 
hairs that keep large particles 
of dust and other foreign 
particles from entering the 
nose. The nose cavity is divi¬ 
ded into left and right halves 
by a compact partition. Aris¬ 
ing from the outer side walls 
of each half of the nose cavity 
are the nasal conchae, which 
divide up the nose cavity 
into a scries of narrow fissures, 
through which the inspired 
air passes (Fig. Gli). 

After passing through the 
nose cavity, the inspired air en¬ 
ters the tmsalpart o f the phar¬ 
ynx, situated at the back. Its 
lower part {the pharynx) sepa¬ 
rates into two tubes; the one at 
thefront is the windpipe, the one 
at the back is the oesophagus. 

The upper part of the windpipe is called the larynx, or “voice- 
box” (Fig. 67). There are several movable articulations of carti¬ 
lages in the walls of the larynx. The largest of them, the thyroid 



Fig. 65. Respiratory tract: 


H- 


- nasal ronchae; 4 — inoutli cavity; — 
lonjjuo; 6 — hard palate; 7 — soft palate; 9 — na¬ 
sal part of the pharynx; .9 — epijflotlis; Id — lar¬ 
ynx ^shuwiii^ the vocal cords): /7 — oesophajfiis. 


4 A. KaGanoB 
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cariilage, projects over the front surface of the larynx; one can 
easily feel it in the neck. In the front part of the larynx, above 

the thyroid cartila^^c, is the epigloU 
tis, which closes the entrance to the 
larynx when food is being swallowed. 

The voice apparatus. Inside the 
larynx are the vocal cords — two folds 
of mucous inenil)rane, extending back 
from the front of the larynx. The 
passage between them is called the 
glottis (Fig. 68). 

During normal respiration, the 
vocal cords relax, and the glottis is 
wide open. But if the vocal cords are 
tense and the glottis is narrowed, 
the outflowing stream of air passing 
through it sets tlie vocal cords in 
vibration. This, like the vibration of the 
strings of a piano, sets sound air waves 
into motion, and we hear sounds. The 
changes in the pitch of the human 
voice depend upon the tliickness, 
length and tension of the vocal cords. 
Thus, the larynx is the voice organ. 
The cavity of the mouth, the tongue 
and the lips, togetlier with the larynx, are of great importance in 
producing articulate litiman speecli. 


60. Nasal cavity (as seen 
from llic back — from Itic side 
of llie nasal part of tfie pharynx): 

1 — ii.nsal coticliae: 2 - of the 

raiial lojnlinj; to llie cavity of the middle 
car;uv ula; •/ — posterior part of the 
back of tlie tonj,Mie; .'f— moiilli cavity. 



Fig. 67. Larynx: Front view (AJ, back view flij, cut open fC): 

/ —hyoid boiu;; 2 — thyroid cartilage; .V — cricoid cartilage; ^ — tracheal carti¬ 
lages: .5— iniisclts of the larynx; 6~ epiglottis; 7 — vocal cords. 


The trachea, or windpipe, and the bronchi. The respiratory tube 
that extends from the lower end of the larynx is called the trachea. 




or windpipe. The trachea divides into the two bronchi, one of 
which enters tlie rip^ht lung, and the other — the left (Fig. 69). 
In the lungs, the bronchi branch out over and over again. Half 
rings of cartilage are imbedded in the walls of the trachea and 
bronchi, making them elastic and preventing them from collapsing, 
and, at the same time, allowing the air to pass freely through 
them. 

Mucous membrane. 'I’he respiratory tract is lined with mucous 
membrane. In the mucous membrane tliere are separate glandular 
cells, as well as wliole groups of sucli cells, which form small glands 




Fig. 68. Glottis (lop view): 

7— when utterinj^ a souiu]; 2 — when irihalinj;; .V ~ when Irihalinjj deeply (llie 
division of the trachea into two bronchi is seen at the very back); -/--reflex 
closing of the glottis when a strong smelling substance is brought to the nose. 


continuously secreting mucus. Any microbes or small particles of 
dust, which find their way inside with the inspired air, are caught 
and held on the moist surface of the mucous membrane, to whicli 
they stick easily. As a result, the air passing tlirough the respi¬ 
ratory tract is almost free of any suspended particles. Moreover, 
the mucus weakens the microbes, thus diminishing their ability to 
multiply and neutralizing their poisonous qualities; some of the 
microbes caught in the mucous membrane even die. 

White blood corpu.scles, which seize and devour microbes, are 
continually j)assing from the blood vessels, through the inter¬ 
cellular interstices and spaces, to the surface of the mucous mem¬ 
brane. The mucus eliminated from the nose always contains a 
large number of dead leucocytes, or “pus corpuscles,” 

Most of the cells of the mucous membrane are supplied witli 
a great number of hair-like projections called cilia (Fig. 70), 
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which nre in constant motion. Thus, the surface presents a wave¬ 
like appearance, which may he likened to tlie “waves” caused by 



I'ijf. Lun^s (pnrt of (lie lurijy lissiie is rotnovod lo show 
llic braiicliiijg of the broiiclii): 

1 — IraclHia: 2 -- broiu lii; ,Y -- liiii.us. 


wind over a wdieat field. Ilach cilium bends (|uickly in tlie direction 
i\ iK ci.liiirce ar.d then slowly returns to its original positi(m. 

By means of these move¬ 
ments, the cilia gradually 
push the mucus toward the 
exterior, and, together with 
the mucus, any particles of 
dust or other small bodies. 

The alveolar sacs of 
the lungs. Very minute 
bronchi that are no more 
than Vs hi diameter 

terminate in groups of al¬ 
veolar sacs. Wlien viewed 
from tlie outside, we see 
that the alveolar sacs are 
studded with half-circular 
little iiiflatifins which are 
hollow inside; these are so- 
called alveoli, or air-cells 
(Fig. 71). 'I he walls of al- 
flat cells, wrapped round 



log. 70. Mucous iiicmbrunc ot the respiratory 
tract: 

/ — cells with cilia \ 2 )\ ,y -- irlamiular colls secretinjj 
iTiiicus (Vc and 6 — white corpusch-s issuinjj onto (In- 
.surlace of the iriucoiis im-mbraiiL-; 7 — luiciobcs; -V— 
a while corpuscle outlining a microbe: .V — a "pus 
Ci>rpiiscle’' [II dead white corpusob. !. 


veolar sacs consist of 


one 


layer Of 


on 


the outside by a thick network of very minute blood vessels. 



The interchange of gases between tlie blood and the air in tlie 
lungs is carried on in the alveolar sacs tiirough the tliin iiienibranc 
tl)at separates the blood from the air in the iungs; this membrane 
is formed by the walls of the alveolar sacs and of the blood 
vessels. 

Due to the great number of alveolar sacs (there are about 3 mil¬ 
lion of them) and their cell-like structure, the internal surface space 
of the lungs is tremendous. If all the alveoli were flattened out, 
they would occupy an area of more tlian 100 sy. tn. Such a vast 
surface of contact between the blood vessels and tiie air facilitates 
the interchange of gases. 

The pleura. The inner surface of tlie tiioracic cavity and tlie 
outer surface of each lung are covered by a smooth epithelial 
membrane - the pleura— that is always 
moist. At the point where the bronciii 
and blood vessels enter the lung, the 
pleura that covers the surface of the 
lung is reflected from the root of each 
lung to form the lining of the thoracic 
cavity. Consequently, each lung is 
enclosed on all sides by a bag, as it 
were, the walls of which are every¬ 
where in such close contact with each 
other that there is no free space at 
all between them. 

The location of the lung.s in (he 
thorax. The lungs occupy the whole 
cavity of the thorax, adhering firmly 
to its walls and leaving space only 
for the heart. Thus, the elastic tissue 
of the alveolar sacs are in a distend¬ 
ed state. But if the thoracic cavity 
is cut open, much of the air is driven out of the lungs; as a result, 
the lungs collapse and occupy only a small part of the volume of 
the thoracic cavity. 

The lungs in the body of the embryo, or of a newly born child, 
are in a completely c('llapsed state. But from the moment the child 
makes its first inspiration (or gives its first cr}'). the lungs fill up 
with air and, during the whole life of a person, remain in an infla¬ 
ted state, always adhering firmly to the walls of the thoracic cavity. 
This occurs because of the internal pressure of the air upon the walls 
of the lungs; on the outside, however, there is n(' such pressure, since 
the lungs are enclosed in a hermetically closed bag containing no 
air; this bag. is formed by the two layers of the pleura, one of 
which has fused with the wall of the thoracic cavity and the other 
with the outer surface of the lungs. As a result of the pressure of 
the air inside the lungs, both layers of the pleura adhere firmly 
to each other. 



7 tih'oolnr s.it'. will) a lltirk ndwork 
of vc.s.sols; 2 — llu‘ ve.sst.'ls ronjovi'd 
isJiowino the iiiflalotJ tiir-colls,: .V —■ 
alv*<'!itr sac cut open (siiovvini* litdlow 
air-collsi; 4 — a \ t ry miniit*: broiicluis; 

.7— a vein; (i an artery. 



31. The gaseous interchange In the lungs 
and in the tissues 

The composition of inspired (or inhaled) and expired (or 
exhaled) air. If we compare the composition of the air expired by 
the lungs with the air of the atmosphere (Fig. 72), it is not dif¬ 
ficult to sec that an incessant interchange of gases goes on be¬ 
tween tlie organism and its surrounding medium. The oxygen con¬ 
tent in tlie air of the atmosphere may be as liigh as 21%, whereas 
the amount of carbon dioxide is not over several hundredths of 
one per cent. The amount of oxygen in tlie expired air is reduced 
to 107 ( 1 ; but, then, the carbon dioxide content is greatly increased, 
rising to 47o or 4‘/2%. This is explained by the fact that the 
oxygen from tlie lungs enters the blood, and the carbon dioxide 

is eliminated from the blood into 
the air of the alveolar sacs. 

The gaseous Interchange in 
the tissues. The blood flowing 
to the tissues of the body is 
saturated with oxygen, which, 
passing through the walls of the 
capillaries, enters the lymph and 
then the cells. In the cells of 
the body there are a number of 
specific ferments that take part in 
the various chemical processes. 
Particularly oxygen, which has made its way into the cells, is imme¬ 
diately acted upon by the ferments and unites with the different 
substances, oxidizing them. As a result of the oxidation processes, 
carbonic acid is formed, which passes into tlie surrounding lymph, 
and from there, through the walls of the blood vessels, into the blood. 

The diffusion of gases. At the basis of the gaseous interchange 
described above is the property common to all gases — that of 
distributing themselves evenly over the space surrounding them. 
This phenomenon is called the diffusion of gases. The spreading 
of odoriferous substances may serve as an example of this. Thus, 
the smell of burnt food on the gas range does not remain in the 
kitchen, but gradually spreads throughout the apartment. 

Diffusion of gases also takes place in liquids, or between 
a liquid and air. If a large quantity of some gas is present in 
a liquid, and if there is only a small quantity of it in the air, 
the gas will pass from the liquid into the air. This may be ob¬ 
served when a bottle of some effervescent drink, as kvass or soda 
water, is uncorked. The carbonic acid, of which there is a large 
quantity in the drink, begins to pass off in the form of bubbles. 
When there is more of any kind of a gas in the surrounding air 
than in a liquid, diffusion takes place in the reverse direction. If 
a glass of lime water is left in the room, the carbon dioxide of 



Fi^. I'l, (lompo.sitioii (if (/) in.spircd 
niid (2) expired air. 
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the air will pass into the liquid because of diffusion; the liquid 
will slowly grow turbid, due to tlie fact that calcium carl) 0 )iate, 
an almost insoluble compound, has been formed in it. 

The blood that flows to the lungs contains more carbon di¬ 
oxide and less oxygen tlian tlie air in tlie lungs, 'i'lierefore, tlie oxy¬ 
gen of tlie air passes into the lungs, while tlie carbon dioxide 
passes out of the blood into the air. 

According to the law of diffusion, it is clear that not only 
oxygen, but any gas contained in the air will pass into the blood. 
Therefore, nitrogen is always held in solution by the blood. But 
since nitrogen forms no conipounds in the organism, and is neither 
expended nor absorbed, its content in the blood always remains 
unchanged. 

The significance of hemoglobin. Arterial blood, coming from 
the lungs, contains a much greater amount of oxygen than it should 
contain according to the law of diffusion. This is accounted for 
by the fact that not all the oxygen that enters the blood remains 
in a free state; a large part of it immediately unites with the 
hemoglobin of the red blood corpuscles. To replace the oxygen 
that has united with the hemoglobin and has thus disappeared from 
the plasma, new supplies of oxygen from the air in the lungs pass 
into the blood. I'he slow movement of the blood in tlie pulmonary 
capillaries and the pre.sence of hemogloliin in the blood provide 
for the absorption of great quantities of oxygen by the blood. 

'I'he saturation of liernoglobin with oxygen depends on tlie 
content of the latter in the surrounding medium, that is, in the 
plasma of the blood. When oxygen passes into the plasma of the 
blood and its content in the pla.sma is increased, the hemoglobin 
begins to draw it to itself. Tlie greater the amount of oxygen 
held in solution by the plasma, the more fully docs tlie hemoglo¬ 
bin of the red blood corpuscles become saturated with it. And, 
vice versa, in proportion as the amount of oxygen in the plasma 
is diminished, the compound of hemoglobin ami oxygen breaks up 
and the liberated gas enters the plasma. 

In the passage of the blood through the capillaries of the sys¬ 
temic circuit of the circulatory system, a considerable part of 
the oxygen, due to diffusion, passes out of the plasma into the 
tis.sue fluid, which contains scarcely any oxygen. As a result, the 
oxygen content of the plasma is reduced. 'I'lie hemoglobin imme¬ 
diately begins to give up the oxygen with which it has combined; 
the oxygen now passes into the pta.sma and then into the tissue 
fluid. 

'I'hus, the blood is an active carrier of oxygen, which it holds 
not only in the soluble state, but also in tiie form of an unstable 
chemical compound with hemoglobin. 

The transport of carbonic acid by the blood. I'he content 
of carbonic acid in the blood is also greater than what might be 
expected on the basis of the law of diffusion. I’lic blood transports 



large quantities of carbonic acid, since carbonic acid, like oxygen, 
enters tlie blood in cbemical combination: the carbonic acid in tlie 
plasma forms a combination with sodium, and in the red corpuscles ~ 
witli potassium. 

Poisoning by charcoal fumes. One of the gases contained in 
tlie surrounding air is carbon monoxide (CO) —a gas of special 
importance. Carbon monoxide is tlie chief component part of 
charcoal fumes, produced when organic substances do not burn 
up completely. 'I'lie hemogloliin of the red corpuscles combines 
readily with carbon monoxide to form a more stable compound 
than it forms with oxygen. When carbon monoxide from the air 
gets into the blood, it is immediately absorbed by the red cor¬ 
puscles, thus freeing the liquid part of the blood for fresh supplies 
of carbon monoxide. As a result, diffusion does not cease; ever 
fresh supplies of carbon monoxide continue to pass into the blood 
and are snatched up liy the erythrocytes each time. That is why 
even a small amount of charcoal fumes in the air will gradually 
form a large accurnulation of it in the blood. 

That part of the hemoglobin whicli combined with the carbon 
monoxide cannot unite oxygen to itself. Therefore, in a case of 
poisoning by charcoal fumes, the oxygen content in the blood is 
diminished, and, as a result, the normal oxidation processes in the 
organs of the body break down. 

First aid in cases of poisoning by charcoal fumes. Poisoning 
by charcoal fumes occurs in everyday life when a stove is heated 
and the flue is closed before the wood has burned up completely. 
The symptoms of such poisoning are headache, shortness of breath, 
nausea, palpitation of the heart. Severe cases may bring about 
convulsions, loss of consciousness and even death. The first thing 
to do in rendering first aid is to carry the affected person out 
into the fresh air, and then to try to restore respiration by apply¬ 
ing spirits of hartshorn to the nose, or by tickling the inside of 
the nose with a straw. If this does not help, artificial breathing 
should be used. 


32. The respiratory movements 

Pulmonary ventilation, d’he gaseous interchange between the 
air and the blood can take place only when the lungs are ven¬ 
tilated, which can be accomplished by means of respiratory move¬ 
ments. The contractions of the respiratory muscles bring about 
a change in the volume of the thoracic cavity. A change in the 
volume of the thoracic cavity is immediately followed by a change 
in the volume of the lungs. 

When the thoracic cavity expands, the lungs become inflated 
and the outside air .strives to get into them, just as the air is 
sucked into a pair of inflated bellows. When the volume of the 
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tlioracic cavity is rocliiced, the lungs become compressed and tlie 
excess of air in tiiein is forced out. The alternate increase and 
decrease in volume of the thoracic cavity forces tlie air alternately 
into the lungs and out of them. 

The change In volume of the thoracic cavity. Tlie tlioracic 
cavity may increase in length (from tlie top down) as well as in 
width (in circumference). 'I’he increase in lengtli is cainsed by the 
contraction of the muscle in the partition between the tliorax and 
tlie abdomen -the diaphragm. When this muscle contracts, it pulls 
the dome of the diaphragm downward 
and thus flattens it (Fig. 73). 

The volume of the tlioracic cavity 
depends not only upon the shape of 
the diaphragm, but also upon the po¬ 
sition of the ribs. The ribs have their 
origin in the spinal column, and run 
in an oblique direction from the top 
down, turning first to the side and 
then to the front. The ribs have mo¬ 
vable articulations with the vertebrae, 
and when the corresponding muscles 
contract, the ribs may rise and fall a 
little. When the ribs rise ami pull the 
sternuni upward and forward, the dia¬ 
meter of the thoracic cavity is in¬ 
creased; when the ribs fall, it is de¬ 
creased (Fig. 73). 

Normal, quiet re.spiration. When 
a person lies or sits quietly he makes 
If) or 16 respiratory movements 
a minute. At each respiratory move¬ 
ment, a comparatively small part 
of the air in the lungs - - about 
.500 cii. cm. of it, and often even 
less -• is interchanged. 

When air is inspired during such quiet, normal respiration, 
the muscles of the diaphragm contract, and its dome becomes more 
flat. The inspiratory muscles, situated between the ribs and also 
between the ribs and the vertebrae, contract simultaneously. 
When this happens, the ribs arc raised, thus stretching the carti¬ 
lages that connect the ribs with the sternum. As soon as the in¬ 
spiratory muscles stop contracting, the rib cartilages that have 
been pulled upward return to their normal position, and in so doing, 
lower the ribs; at the same time, the diaphragm bulges out at the 
top due to the pressure exerted by the abdominal organs. 

In quiet respiration, therefore, the muscles contract only at 
inspiration (or inhalation). Expiration (or exhalation) proceeds 
passively — as a result of the relaxation of the muscles. 



IW. Dia^rnni of [\\c. cliaiit^o 
in si/e of llie tliora.x: 


/ - tlior;ix when tlifi ribs :ia* lowtMvd 
(o.vpir tioni: 2 — tlioi.i.x wIm.mi the ribs 
are raised; ,? - position of the dome of 
the diapll^:)^^f n in e.xpiralion (upper linei 
and in inspiration (lower line). 
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Deep breathing. F^uliiionary ventilation may be greatly increased 
by deep breathing, which intensifies both inspiration and expiration. 

By intensifying inspiration, we may draw about 1500 to 2000 
additional cubic centimetres of air into the lungs. Deep breathing 

is accomplislied not only with 
After a quiet mpiration the help of the abovc men- 

Affera quiet expiration ' . \ __ tiOlied lllUSClCS, but alsO Witll 

After a mniimam mpiratm [ _ ^ thC Iiclp Of a llUinber Of OtllCr 

3.00 nitiscles (for example, tlie 

fitirt capjcrtj^ inuscles cxtciiding to the ribs 

l 74. Changi; in lung capacity during from the shoulder-blade and 

quiet and during deep breathing. from the humerUS, and also 

the muscles of the neck). 
At the end of a quiet expiration, it is possible for a person 
to expel about 1000 to 1500 more cubic centimetres of air. Dur¬ 
ing such expiration, the diaphragm becomes more convex than 
usual and the ribs are drawn 


l ig. 74. Change in lung capacity during 
quiet and during deep brealiiing. 


downward with force. I'liis is 
caused by tiie contraction of 
the intercostal expiratory 
muscles and also of other expi¬ 
ratory muscles, chiefly of the 
abdominal muscles, tliat is, the 
muscles of the walls of the 
stomach. The abdominal 
inuscles are attached liy tlieir 
upper ends to tlie lower edge 
of the thorax. In contracting, 
they draw tlie thoracic cavity 
down and press against the 
cavity of the stomach (the 
stomach is “drawn in”)> 
ing the diaphragm tr) bulge 
out still more in the thoracic ^ 
cavity. 

The vital capacity oi the 
lungs. A change in the vol¬ 
ume of the thoracic cavity 
depends on the depth of the 
breathing (Fig. 74). In quiet 
breathing, the thoracic cavity 
changes very little in volume; 
in deep breathing, a person 
can draw several litres of 



rig. 75. Spirometre: 

1 — outer cylinder filled with water; 2 — second 
cylinder within tlie outer one; — load counterbal¬ 
ancing the inner cylinder (2); 4 — tube tlirougti 
which the ex;)ircd air gets into the sf3ironielrc (the 
end of the tube w'ithiii tlie cylinder is above the 
level of the water); 5 — rubber tube with a mouth¬ 
piece; ff—scale to determine the volume of air 
expelled into the spirometre; 7 — plug. 


air into the lungs. 

The quantity of air wliicli one can inspire at the end of the 
deepest expiration (or, on t(ie contrary, the quantity which one 
can expire after the deepest inspiration) is known as the vital 
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capacity of the lungs. A spirometre — the apparatus illustrated in 
figure 75 — is used to determine the vital capacity of the lungs. 

Investigations made with the help of the spirometre have shown 
that the vital capacity of the lungs differs in different people. It 
usually varies from 3000 to 5000 cu. an. 

The importance of deep breathing. After a normal expiration, 
about 2500 cu. cm. of air remain in the lungs. During a normal 
inspiration, a person draws in about 500 more cubic centimetres 
of air, of whicli only 300 to 350 cu. cm. reach the alveolar sacs, 
since at least 150 cu. cm. remain in tlie respiratory tract (the nasal 
part of the pharynx, the larynx, tlie trachea and the bronchi). 
Thus, in quiet inspiration, only about 350 cu. cm. of the outside 
air get into the alveolar sacs; this constitutes not more than V 7 
of the amount of air in the alveolar sacs. 

Such pulmonary ventilation is by far not always sufficient. Work, 
especially that which is connected with a great expenditure of 
energy, greatly intensifies the processes of decomposition and 
oxidation in the organism; consequently, tlie need for oxygen and 
the production of carbonic acid are also increased. Under such 
conditions, pulmonary ventilation is considerably increased; at 
each inspiration, Vi and even ’/a of the air in the lungs is inter¬ 
changed, and not V 7 - 

Pulmonary ventilation may be increased by accelerating respi¬ 
ration, as well as by intensifying each respiratory movement. 
When there is too great an acceleration — from 40 to 50 inspira¬ 
tions per minute — the breathing becomes so shallow that only a 
small portion of air enters the alveolar sacs. As a result, there is 
insufficient ventilation of the lungs, and the gaseous interchange 
between tlie pulmonary air and the blood proceeds weakly. Deep 
breathing, on the other hand, best provides for the ventilation of 
the air in the lungs, and helps to intensify the gaseous inter¬ 
change. 

Artificial breathing. If the respiratory movements cease, they 
may be restored artificially. Artificial breathing is used in cases 
of drowning, of shocks produced by an electric current, etc. Artificial 
breathing is the alternate expansion and contraction of the thorax 
by some outside force (Fig. 76). The person who is rendering first aid 
takes a position at the head of the patient; he then draws the 
patient’s arms upward and backward as far as they can go. The 
movement of the arms raises the ribs, the thorax expands and air 
is drawn into the lungs. Then the arms of the patient are bent 
at the elbows at a sharp angle and pressed close to the chest, 
thus pressing against the ribs. As a result, the ribs are lowered, 
the thorax is compressed and air is expelled from the lungs. The 
rhythm of artificial breathing should be the same as in natural 
breathing — 16 respiratory movements per minute. 

Artificial breathing should be continued without a stoppage as 
long as there is evidence of even the slightest activity of the 
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Iieart. There Iiave been cases when a person was brouglit back 
to life even several hours after natural breatliing had stopped. 




7(). Artificial ri'spiratjon: al the top — posi¬ 
tion of the patient to induce inspiration; al the 
bottom - - position of the patient to induce expiration. 

Problem. IMaco your hand on your chest and count tlie number of respi¬ 
rations per minute. Knowing the volume of air expelled with each imrinal 
expiration, and knowinjj, the content of carbon dioxide in it, fi'j^ure out the 
amount of carbon dioxide, in volume, which you expel every hour, t^very day. 


33. The regulation of resjiration 

The respiratory centre. The respinitory centre— d ptirt of the 
central nervoirs system, is located in the lower part of the brain, 
in the nieditlla oblongata. If the respiratory centre is destroyed, 
respiration ceases immediately. 

Impulses travel from the respiratory centre, along the nerve 
fibres, through the spinal cord, and reach the respiratory muscles. 
When this occurs, the inspiratory and expiratory muscles are stim¬ 
ulated in a strictly definite order, first one and then the other. 

The reflex self-regulation of the respiratory movements. The 
branches of the vagus (already known to us), which are composed 
of afferent nerve fibres, lead to the lungs (Fig. 77). 'I'lie endings 
of some of tlie afferent fibres are excited when the lung tissue 
expands (in other words, at inspiration). The impulses that are 
aroused travel to the respiratory centre, bringing about the reflex 
relaxation of the inspiratory muscles. As a result, the thorax de¬ 
creases ill volunie and an expiration follows. 
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Otlier afferent fibres of tlie vagus nerve are excited at expira¬ 
tion, and, tiirough tlie respiratory centre, bring about the reflex 
contraction of the inspiratory muscles. 

This is the way in which the self-regulation of tlie respiratory 
movements goes on reflexly: inspiration brings about expiration, 
ami expiration brings about inspiration. 

The reflex changes in the respiratory movements. 'I'he char¬ 
acter of the respiratory movements may change in response to 
irritation of the skin and of otlier parts of the body. Thus, tlie 
temporary suspension of respiration, which occurs at a sudden 
dash into cold water, is due to the irritation of the endings of the 
afferent nerves in the skin. 

Of great importance is the reflex strengthening or weakening 
of the respiratory movements, called forth by the irritation of the 
nerve endings located in the walls of the blood vessels and, espe¬ 
cially, by tlie nerve endings located at the point where the carotid 
artery begins to branch outward and inward, forming the outer 
and inner carotid arteries (Fig. 77). Some nerve endings are brought 
to a state of excitation when a blood vessel dilates (that is, when 
the blood pressure is increased), as a result of which respiration 
is reflexly suspended. Other nerve endings, sensitive to chemical 
stimuli, are brought to a state of excitation when tlie content of 
carbonic acid in the blood is increased. In such a case, respiration 
is intensified and its frequency increased reflexly. 

Protective reflexes. Irritation of the mucous membrane of tlie 
respiratory tract brings about reflex actions of a protective cliar- 
acter. Thus, when a piece of cotton wool, soaked in liquid am¬ 
monia, is brought close to the nose, the endings of the olfactory 
nerve are irritated; the result n kIIqx suspension of respiration; 
at the same time tlie glottis closes (Fig. 6K, 4), and thus liarrnful 
substances cannot get into the organs of respiration. A weaker 
irritation of the mucous membrane of the nose causes sneezing. 
Irritating substances that find their way to the mucous membrane 
of the larynx, the trachea, or the bronchi, cause reflex coughing. 

Just before sneezing and also before coughing, one takes a 
preliminary deep breath; the glottis closes and the expiratory 
muscles contract; as a result of the muscle contraction, the air 
inside the lungs is compressed, the glottis immediately opens wide 
and the compressed air rushes out with force. In sneezing, the air 
passes out through the nose, and in coughing -- through the mouth. 

Sneezing and coughing help the respiratory tract to get rid of 
any irritating substances that have made their way inside the tract. 

The role of the cortex of the cerebral hemispheres. Respi¬ 
ratory movements may take place without the participation of the 
cortex of the cerebral hemispheres. Nevertheless, the cortex always 
influences respiration by sending impulses to the respiratory centre. 
As a proof of this is our ability to change the frequency and force 
of the respiratory movements at will: for example, while talking. 
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Those changes in respiration which are characteristic of laugh¬ 
ter and crying are also connected with the influence exerted by 
tlic cerebral cortex. When a person laughs, the glottis opens and 



I'ig. 77. Diagram of the reflex regulation of res¬ 
piration: 

/ — a luiiff: 2 — diaphragm; 3 — intercostal muscles; 4 — arc 
of the aorta; — point of bifurcation (branchingl of the caro¬ 
tid artery; (i — respiratory centres in tlie medulla oblongata; 
7 — afferent nerve fibres coming from the lung tissue, the aorta 
and the point of bifurcation of the carotid artery; 8 — efferent 
fibres going to the diaphragm and 9 — to the intercostal 
muscles; W — afferent and efferent paths which connect the 
respiratory centre with the cortex of the cerebral hemispheres. 


closes alternately at the time of expiration; when a person cries 
(sobs), the glottis opens and closes in exactly the same way, but 
it does so now at the time of inspiration. 
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The influence of carbonic acid on the respiratory centre. 

The excitability of the respiratory centre and, consequently, the 
frequency and depth of respiratory movements, depend upon the 
action, on the respiratory centre, of chemical stimuli found in the 
blood, especially of carbonic acid; this can easily be observed in 
an experiment performed on two dogs with crossed circulations. 

The carotid arteries, carrying blood to the head, and the 
jugular veins, carrying blood from the head to the heart, are cut 
on one side of the neck of each dog. The cut ends of the arteries 
of both dogs are connected by a tube in such a way that there 
is an exchange of blood — 
the blood of each dog pass¬ 
es into the carotid artery of 
the other (Fig. 78). If the un¬ 
cut carotid artery and jugu¬ 
lar vein on the other side of 
the neck of each dog is 
compressed, the brain of 
each dog will receive the 
blood of the other dog, but 
not its own blood. If, now, 
the trachea of one of the 
dogs is compressed, thus 
shutting off the ventila¬ 
tion of tlie air in the 
lungs, the respiratory movements of the other dog will increase in 
frequency and depth. 

This can be explained by the fact tiiat the excitability of the 
respiratory centre depends, to a great extent, upon the composi¬ 
tion of the blood flowing through it. 

In cases of greatly intensified work, or in cases of suffocation, 
carbonic acid accumulates in the blood and excites the respiratory 
centre; as a result, the respiratory movements become deeper and 
occur more frequently. On the other hand, if the content of car¬ 
bonic acid in the blood is diminished, the excitability of the res¬ 
piratory centre is reduced, and respiration becomes weaker and 
less frequent. I'hus, the content of carbonic acid in the blood 
plays an essential role in the regulation of the respiratory move¬ 
ments. 

Questions. 1. Why do divers take several deep breaths before diving? 
Of ■what importance may this be? 

2. Explain why the first respiratory movements appear in a newly-born 
child only after its umbilical cord lias been cut. 

Problem. Put a watch that has a second-hand on the table; tlien take a 
deep breath, and hold the breath. How many seconds were you able to hold 
your breath? What were the respiratory movements like the moment you re¬ 
leased the breath (deep or shallow)? Take several deep and rapid breaths and 
watch whether the respiratory movements do not cease for some time after that. 

Write llie results of your observations, with a detailed explanation, in 
your copy-book. 



Artery 

I'ig.78. Experiment witii cro.ssed circulations. 




34. The hygiene of respiration 

The Importance of correct breathing. Correct breathing Iielps 
to improve the liealtli and to raise the working capacity. One of 
the principal conditions of correct breatliing is the care taken to 
develop the thorax, wliich may be achieved by maintaining cor¬ 
rect posture when standing, walking and sitting, by doing morn¬ 
ing setting-up exercises daily, and liy gymnastics and sport. As 
a rule, a person who has a well-developed tliorax breathes evenly, 
rhythmically. Frequent, uneven respiration prevents productive 
mental work; whereas normal, quiet respiration, on the contrary, 
helps one to concentrate on one’s work. 

Normal rhythm in respiration can be maintained only by 
breathing through the nose. However, the importance of breathing 
through the nose does not end here. In passing through the nar¬ 
row fissures of the nasal cavity, the inspired air is warmed up 
and rids it.self of particles of dust and of microbes. 

The influence of the surrounding air on the organism. 
Fresh outdoor air has a favourable effect on the organism. The 
air in close, unventilaied rooms is harmful. Such air contains 
vapours, carbon dioxide and ill smelling substances, produced when 
perspiration decomposes. In addition to these, there may also be 
dust particles and various gaseous substances, wliich are given off, 
for example, in cooking. 

People who spend much of their time in poorly ventilated 

rooms, and spend little time out of doors, become anaemic* and 
lifeless; they tire easily and suffer from headaches. 

The contraction of contagious diseases from the air. I'lie 
air may be a means of spreading certain diseases. When a sick 
person coughs, sneezes, speaks and even exhales violently, little 
droplets, in vdiich there may be microbes of various contagious 
diseases, are expelled into the air. Such droplets usually remain 
in the air for a greater or lesser period of time and readily find 
their way into the respiratory organs of other people nearby. 

The grippe, diphtheria, the whooping-cough, the measles, scarlet 
fever and some other diseases may be contracted in this way. 

This method of infection is called droplet infection. 

Dust is also a carrier of contagious diseases. In cleaning up 
a room or brushing clothes, particles of dried up saliva, phlegm, 
pu.s, in the form of very minute specks of dust, get into the air 
and do not settle for a long time. Some contagious diseases (for 
example, tuberculosis) are easily contracted by means of such 
infected dust particles. Such an infection is called dust in¬ 
fection. 

People who spend much of their time in close rooms run the 
risk of dust infection, and especially of droplet infection. Out¬ 
door air, which is in constant motion, quickly carries off and 

scatters the microbes which get into jt. 



Ventilation at one’s home and at one’s place of work. All 

this means that it is not only necessary to be out in the fresh air 
often, but that it is just as important to have pure air in one’s room. 

1'lie less air there is in a room, the more quickly the air 
spoils; the more there is of it, the longer it retains its normal 
properties. Therefore, there sliould not be tt)0 jnuch furniture in 
a room. 

Tlie air in rooms sliould be constantly renewed. To provide 
for a constant cliange of air, special ventilation .systems are in¬ 
stalled in places wliere many people gather (theatres, clubs), or in 
places where the air is especially liable to be filled with inju¬ 
rious gases and a great quantity of dust (as in some factories and 
plants). 

One’s room should be regularly aired in the morning after 
getting up, and in the evening before going to bed. It is still 
better to sleep with one’s window open. 

The fight against dust. In the figlit for wholesome air, it is as 
necessary to get rid of dust as it is to air one’s room. Before enter¬ 
ing a room, one must carefully scrape the dirt off one’s shoes, 
so as to avoid carrying dust from the street into the room; one 
should never enter a room with one’s coat on, nor should one 
brush one’s clothes or boots in one’s room. 

In cleaning a room, one should try not to raise dust. The 
floor should be swept with a damp broom or with a brush wrapped 
round with a damp rag; dust from furniture or other things 
should also be wiped off with a damp rag. 

The importance of social sanatory measures. Hie fight for 
wholesome air should not be limited only to tliose measures which 
a per.son can put into effect in his own room. Social sanatory 
measures are also necessary. 

In the Soviet Union such measures are a matter of state con¬ 
cern. 'I'he planting of trees in towns and in workers’ settlements, 
the creation of a “green defensive zone” round separate buildings, 
blocks and whole cities, the watering of streets, tlie construction 
of special smoke retainers in the chimneys of factories, works, 
etc., are social sanatory measures. 


35. Tuberculosis and the fight against it 

Tuberculosis — an infectious disease. Tuberculosis is one of 
the most widely spread of infectious diseases. In capitalist coun¬ 
tries it is mainly the working population that suffers from tuber¬ 
culosis: in the workers’ quarters of London, New York, Paris and 
other industrial cities, tlie number of tuberculosis ca.ses is six to 
seven times greater than in those districts where the bourgeoisie 
lives. The enslaved peoples of colonial countries especially suffer 
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from tuberculosis. In the II. S. A. the death-rate ainongf Negroes 
as a result of tuberculosis is many times greater than that among 
the white people; this is due to the semi-state of bondage in 
whicli the Negro population finds itself. 

Tuberculosis is caused by a microbe that resembles a slender, 
microscopically minute rod. These tubercle bacilli are capable of 
multiplying very quickly within the human organism. Tliey do 
not multiply outside the organism; however, given conditions of 
warmth and dampness, they can remain alive and active for weeks 
and even for months. Sunlight kills them in the course of a few 
hours, and sometimes even after several moments. They are also 
killed by boiling. 

Forms of tuberculosis. Tubercle bacilli that get into the hu¬ 
man organism are capable of bringing about clianges in the dif¬ 
ferent organs, and may even cause their destruction. Around the 
microbes appear zones of inflammation, resembling small elevations, 
or tubercles (the Latin term, from which is derived the name of 
the disease — tuberculosis). Separate tubercles sometimes fuse to¬ 
gether and then much larger affected areas are formed. 

When dissecting and studying corpses, such tubercles have 
been found in almost all adults, even in adults who were never 
ill witli tuberculosis. These observations have shown that tubercle 
bacilli can make their way into the organism very easily, but, in 
many cases, the organism fights with and overcomes them quickly; 
thus, the disease is checked in its initial stage, and remains un¬ 
noticed. The success of the struggle of the human organism against 
infection depends upon the general state of the organism, which, 
as we have already pointed out, is determined, to a great extent, 
by the nervous system. An incorrect mode of life, over-exertion, 
extreme fatigue, starvation, and other causes which weaken the 
organism, lower the power of resistance of the organism to the 
harmful action of microbes and, as a result, tuberculosis develops. 

In most cases, tuberculosis affects the lungs. The first symp¬ 
toms of this disease are usually the tendency to become quickly 
fatigued, a poor appetite, loss of weight, a light cough, sweating, 
and a slight rise in the temperature. In severe cases, there is con¬ 
tinual and painful coughing, and a steady and rapid loss of weight 
(the patient, so to say, is l.eing consumed; from this conies the 
popular name of “consumption”). 

Children often suffer from tufierculosis of the spinal column 
and of the joints. An affected spinal column often leads to cur¬ 
vature of the spine and to the formation of a hump, if the pro¬ 
per treatment is not given in time. In cases of tuberculosis of 
the hip joint or of the knee joint, the patient may be lamed for 
life, if proper treatment is neglected. 

Lupus, which usually affects the skin of the face, and tuber¬ 
cular diseases of some of the other organs, are also most preva¬ 
lent among children. 
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Tuberculosis of tlic membranes of the brain, or meningitis 
{tubercular meningUis) is a most noxious disease. 

The treatment and cure of tuberculosis. Even severe forms 
of tuberculosis can be cured. The detection of tlie disease in its 
early stages is a necessary condition for the successful treatment 
of the disease. At tl)e first .symptoms of any chronic ailment, 
therefore, a doctor should be consulted at once. No symptoms of 
tills disease sliould be neglected, no matter how slight tliese 
symptoms might appear to be: a bad appetite, general lassitude, 
the tendency to tire easily, a rise in the temperature, even if 
only a slight one, pain in the knee joint or in other skeletal 
parts of the body. 

A method of great importance in determining the presence of 
tuberculosis, especially in children, is the injection in the skin of a 
small amount of an extract of tubercle bacilli] if there is an 
infection, a redness and a swelling will appear on the spot where 
the extract was injected. If a person is suspected of having tu¬ 
berculosis, he is sent to a tubercular dispensary for a correct 
diagnosis of the disease and for treatment. 

In the treatment of tuberculosis, the principal aim is to 
strengthen the organism, so that it will be able to struggle 
witli the disease and overcome it. Therefore, the first thing to 
do is to observe the fundamental rules of a hygienic regime. 
The most important of these are: plenty of fresh air and out¬ 
door activity, especially in connection with physical labour, ven¬ 
tilation of one’s room, plenty of sleep with the window open, 
gymnastics, walks, (in winter - skating and skiing), proper 
food, and regular meal hours. Patients suffering from tubercu¬ 
losis must absolutely abstain from smoking and from alcohol¬ 
ic drinks. In the Soviet Union, a great number of special 
sanatoriums have been built, where a well-planned hygienic re¬ 
gime for the patients enables them to strengthen and harden 
their organism. 

There are also other methods of treating tuberculosis. 'Uius, 
for example, in the case of pulmonary tuberculosis, air is insuf¬ 
flated into the cavity of the pleura (pneumothorax). As a result, 
the part of the lung being insufflated is compressed, which helps 
to heal the tubercular zone. With the same jiurpose in view, tu¬ 
berculosis of the bones and of the joints is treated by means of 
plaster of Paris bandage.s, corsets and splints, so as to provide the 
maximum amount of rest for the affected organs. 

Within the last few years our native industry has mastered 
the method of producing streptomitzin, which checks the growth 
and the reproduction of tubercle bacilli. Streptomitzin gives ex¬ 
cellent results in the treatment of some forms of tuberculosis. Its 
action has been found to be especially favourable in the case 
of tubercular meningitis, which was considered incurable not so 
long ago. 
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Measures for preventing tuberculosis Infection. 'I'uberculosis 
may be contracted by direct contact with the source of infection. 
Thus, for example, a person may be infected by using the dishes, 
the towel or the handkerchief of a tubercular patient or by in¬ 
spiring air (in tlie form of droplet and especially dust infection) 
coiitaniinated i)y a tubercular patient. 

In order to prevent infection, a struggle must be waged 
against dust and also against the carriers of infection — flies; it 
is no less necessary to maintain perfect cleanliness of one’s 
body, one’s clothes, one’s room and one’s place of work. Since 
sputum is the main source of infection, it is of the greatest 
importance that a tubercular patient should collect Ids spu¬ 
tum in special, closed spittoons, tliat he should cover his 
rnoutli with a handkerchief when sneezing and cougldng, that 
he should always have a separate bed, towel and separate 
dishes, and that he should never kiss children, nor take them in 
ids arms. 

In the struggle against infection, a most important factor is 
the general strengthening of the organism; this may be achieved 
with the help of proper physical training and a proper regime of 
work and of rest. 

Protective inocnlations, which serve to create active immu¬ 
nity to tuberculosis, are widely used in our country. Cases of 
tuberculosis among inocidated children are much rarer than among 
tliose wlio are not inoculated. And even if inoculated children 
contract the disease, they get it in a very mild form, wldcli is usu¬ 
ally curable. In order to maintain immunity, it is necessary to 
repeat the inoculations every 2—3 years. 

The struggle against tuberculosis in the U.S.S.R. During the 
first ten years following the Great October Socialist Revolution 
the death-rate of tuberculosis in our country — in such large cities 
as Moscow and Leningrad — was cut down to less than half of 
wliat it was before. 'I'lds came as tlic result of the sanatory improve¬ 
ments in the living and working conditions of tlie population. 
The further rise in the standard of living of the toiling masses, 
and also the introduction of special measures, as, for example, 
periodical examination of the population in order to detect the 
disea.se in the early stage, the establishment of a wide network 
of tubercular dispensaries, .sanatoriums, and the organization of 
protective inoculations for all the people, are reducing the death- 
rate of tuberculosis from year to year. 

The abolition of capitalist exploitation and the successful 
building of communism have provided for a steady rise in the 

material and cultural standard of living of the working masses, 

and have made it possible for our Party and Government to carry 

out sanatory measures on a large scale; in these ways, the pre¬ 

requisites have been created for the liquidation of tuberculosis as a 
mass disca.se in the U.S.S.R. 


116 



RKVIEW QUESTIONS 

1. In wlial part of the organism do the oxidation processes go on? 

2. Why are Ihe lungs in an inflated condition? Under what condilions 
may the lungs become deflaUrd? 

S. What is the structure of the respiralory tracts and of the lungs? 

4. Why must we breathe through the nose and not through the mouth? 

5. How docs inspired air differ from expired air? 

6. Describe the process of the interchange of gases between the organism 
and the environment. 

7. What happens in llic organism of a person who is poisoned by char¬ 
coal fumes? 

S. What are the chief rules for the rendering of first aid in a case of 
poisoning by charcoal fumes? 

9. Describe inspiration and expiration under conditions of normal (quiet) 
and of deep respiration. 

10. What is the vital capacity of the lungs and how is it measured? 

11. Wliat first aid should be rendered when respiration ceases? 

12. Mow does pulmonary ventilation change with the changes in the acti¬ 
vity of the organism? 

13. How are tlic movements of respiration regulated? 

14. What are tlie chief rules of the hygiene of respiration? 

15. How is it possible to safeguard oneself against luberculosis? 


V. THE ORGANS OF DIGESTION 
36. Food and its composition 

The importance of nutrition. As we know, vast numbers of 
reel corpuscles decompose and die in tlie organism daily. Other 
cells of tlie body decay and die also. However, these are not 
the only processes of disintegration that go on in the organism. 
Metabolism and the release of energy necessary for the vital 
activity of the organism are connected with the process of the 
decomposition, wliich goes on unceasingly in each cell, of a part 
of the cellular substance. 

What the organism loses is continually being restored by the 
food consumed by the organism daily. From food the cjrganism 
obtains the .substances which it needs for the production of new 
cells to replace those that died, and also for growtli and for the 
compensation of losses connected with the vital activity of the 
cells. If an animal is deprived of food, it loses weight quickly 
and finally dies of emaciation. 

Thus, food is building material for the organism, and at the 
same time constitutes its only source of energy. 

Nutritive materials. Constituents of food which are necessary 
for the organism are called nutritive materials. 'Hie most impor¬ 
tant nutritive materials are three groups of complex organic com¬ 
pounds which enter into the composition of living matter, name¬ 
ly: proteins, fats and carbo-hydrates. 
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Food also contains various mincrat substances (sodium chlo¬ 
ride, calcium chloride, and other inorganic salts), water, and also 
a small amount of specific substances {vitamins), which are of 
vast importance for the processes of metabolism that go on in the 
organism. 

Foods. Proteins, fats and carbo-hydrates enter into tlie com¬ 
position of various foods. Certain foods consist almost exclusive¬ 
ly of a single nutritive material. Thus, for example, sugar is a 
pure carbo-hydrate, while sunflower oil is a fat with a very small 
admixture of other substances. However, tlie vast majority of 
foods are composed of different nutritive materials in varying 
quantities. 

For a correct and intelligent approach to the question of nu¬ 
trition, it is necessary to have a notion of the content of pro¬ 
teins, fats and carbo-hydrates in various foods. In spite of the great 
variety of their composition, all foods fall into several main 
groups. * 

1. Meat and fish products. Meat and fish are some of 
tlie main sources of protein: ordinarily, they contain 15“'/# to 
20Vo of protein. Caviar contains an especially large amount of 
protein (from 2()"/o to 30''/(,). Tlie amount of carbo-hydrates con¬ 
tained is very small (usually not more tlian 0,5'7o)- I'lie fat con¬ 
tent may vary: lean beef — from 3"/o to 5'’/o; very fat beef — as 
much as 25"/o and even more. 

Veal, chicken, carp, crucian, sander, pike, and others arc e.x- 
aniples of lean products of this group; pork, mutton, herring, 
burbot, salmon, beluga, and most kinds of sausage contain a large 
proportion of fat. 

2. Eggs. Eggs are ricli in protein (14"/») and fat (11"/#); they 
contain almo.st no carbo-hydrates. Tlie most nourishing part of 
tlie egg is the yolk, which contains about 30"/# of fat and of 
other materials necessary for the organism. 

3. Milk and milk products. Milk contains very much 
water. The content of nutritive material in milk is 3,5"/# each 
of protein and fat, and 5"/# of carbo-hydrates. 

When milk stands for some time, the fat rises to the top, 
forming a layer of cream. Skimmed milk contains practically no 
fat. If milk is left to stand for a long time, and also under other 
conditions (for example, when it turns sour), it curdles, forming 
a solid mass or sediment of protein, called casein. Milk products 
rich in protein (curds, cheese) are prepared from curdled milk. 
The content of fat in them depends upon the method of prepar¬ 
ation: products that contain almost no fat are obtained from 
skimmed milk; tlie products made from cream have a high fat 
content. 

‘ Tlie composition of various foods is given in tlie tables at tlie back of 
the book. 
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4. Animal and vegetable fats and oils. The foods 
of this group contain hardly any carbo-hydrates or proteins, and 
sometimes none at all. Many fats are prepared by special meth¬ 
ods out of animal and vegetable foods: butter is obtained by 
churning cream or sour cream; oil is pressed out of seeds; mar¬ 
garine is a special fat preparation. 

5. Vegetables, fruit, berries, m u s ii r o o m s. Like milk, 
these foods contain very mucli water. The amount of carbo-hy¬ 
drates varies from 20'7« (in potatoes) to !"/« or 2V(, (in lettuce, 
cucumbers). 'I'liis group rarely contains more than l"/o to 2"/o ot 
protein. The fat content is very low. 

6. Cereals and flour. Cereals and flour contain very lit¬ 
tle water. In an ordinary diet it is these foods that are our main 
source of carbo-hydrates, since they contain from 50"/o to 70Vo 
of starch. These grain products, together with meat and fish, 
supply us with mucli protein (they contain, on the average, 
about lO'Vo)- The fat content is very low. 

A large quantity of water is added in preparing food made 
of cereals or flour: bread weiglis 30"/,, to 5()"/o more than tlie 
flour used in its preparation; in cooking gruel, 3 to 5 times and 
even 10 times more water is used than cereal. 

7. The fruits of leguminous plants. Peas, beans, kid¬ 
ney beans, soya beans and lentils are especially ricli in protein 
(28"/o to 30"/«); they also contain a large proportion of carbo-hy¬ 
drates. Soya beans, wliich make up the principal diet in some 
localities, contain much fat. 

8. Nuts. Not all kinds of nuts liave the same proportions 
of nutritive material. However, all of tliern are ricli in fat; the 
fat content of some kinds of nuts is r)()"/o and more. Moreover, 
there is much protein in nuts (about 15"/„). I'lie carbo-hydrate 
content is low. 

Sunflower seeds have about tlie same coniposition as nuts: 
their fat content is 40"/, to 50"/o. 

9. Sugars. Sugar is a pure carbo-Iiydrate. Honey, fruit and 
berry jam, sugar-candy, caramel, and many other kinds of sweets 
are also practically pure carbo-hydrates, if we do not take into 
consideration water and a very small quantity of protein and 
other materials which they contain. 

Starch, obtained from potatoes or flour, also belongs to this 
group; starch, like sugar, is a pure carbo-hydrate. 

10. Chocolate, cocoa. These foods contain a great amount 
of carbo-hydrates (from 50"/o to 70Vo), and also a large proportion 
of fat (about 20'7o) and about 5"/# of protein. 

Problem. Write down in your copy-book three types of food (taken from 
your daily diet) for each of the nutritive materials: proteins, fats, carbo-hy¬ 
drates. See that the foods chosen are the main .sources of these three con¬ 
stituents of food. Wiiich of (he foods you have listed arc simultaneously the 
source of two groups of nutritive materials? Of which nutritive materials? 
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37. Digestion 


The Importance of digestion. Certain animals obtain tlieir 
nutritive material from the surrounding medium already pre¬ 
pared, and not requiring any preliminary preparation. Intestinal worms 
and some other kinds of parasites are animals of tiiis type. They 
live in the intestines or in some other organ of their “master,” and 
thus receive nutritive material that is already prepared and digested. 

'I’he great majority of animals, liowever, feed on nutritive ma¬ 
terials that cannot force their way through the membrane of the 
cells and whicli, therefore, cannot be assimilated by the organism. 
In order to be assimilated, the nutritive material must first be reduced 
to simpler forms. During the process of reduction, mechanical and 
chemical changes take place in the food. 

The mechanical change consists in breaking up the food into 
small pieces with tlie teeth, and also in moistening it. Tlie food, 
in a finely divided up and soluble state, is more easily subjected 
to chemical changes, wiiich consist in splitting up the complex 
particles of proteins, fats and carbo-hydrates. By this process of 
splitting up or separation -- digestion, in whicli digestive fer- 
menls take part — tiie nutritive material is reduced to less comple.x 
substances, wliich can then pass freely through the walls of the 
intestines. 

The splitting up of carbo-hydrates. In tiie process of diges¬ 
tion, each molecule of starcli is split up into several molecules of 
simple carbo-hydrates — gm/ic sugar, or glucose. A molecule of 
cane or lieet sugar (material which is constantly used in our food) 
is split up into two particles of simple carbo-hydratesglucose 
and fruit sugar. Milk sugar, which is one of the constituents of 
milk, is also split up into two particles of simple carbo-hydrates. 

The splitting up of proteins. Proteins do not split up imme¬ 
diately. The first results of the process of separation is the forma¬ 
tion of substances that are still very complex; these substances 
are then split up again and again until they are reduced to more 
simple compounds — amino-acids. 

At the present time, more than 20 different kinds of amino- 
acids are known that enter into the composition of proteins. The 
proteins of various animals and plants, and also the proteins of 
the various organs and tissues of the body, contain varying quan¬ 
tities of the different kinds of ami no-acids. 

The splitting up of fats. One molecule of fat is split up into 
one molecule of glycerol, known to all of us, and into three 
molecules of fatty acids. 

Fatty acids combine with alkalis to form salts called 
soaps. Ordinary household soap is a sodium salt of fatty acids 
and is obtained by the action of caustic soda on the fatty acids. 

Digestion inside the cell. In one-celled animals, digestion 
takes place within the cell. If we watch, through the microscope, 
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the movements of an amoel):i, we may sec it tlirust out little 
projections — pseudopods, from one part of its body or another. If 
the body of the amoeba comes in contact with some solid par¬ 
ticle, the pseudopods seize upon it, flow over and around it, as it 
were, and very soon the particle is inside the body of the amoeba. 
A little cavity, called the food vacuole, is formed in tlie proto¬ 
plasm surrounding the particle. 'Ihe digestion of the nutritive 
material, contained in the captured particle, takes place with the 
lielp of digestive ferments, or enzymes, wliich have forced tlieir 
way into the vacuole from the protoplasm. Tlic indigestible remains 
arc eliminated to tlic exterior at the moment when the vacuole, 
as a result of the movements of the amoeba, is on the very sur¬ 
face of its body. 

Digestion outside the cell. The following experiment was per¬ 
formed on some large coelenterata (sea-anemones). Some pieces 
of blood protein — fibrin, wrapped up in filter paper, were intro¬ 
duced into the digestive cavity of these animals. After some time, 
tlie fibrin was withdrawn and examined. Tlie fibrin was found to 
be almost entirely dis.solved. This experiment shows that diges¬ 
tion in sea-anemones may proceed, not within the cells, but in 
the digestive cavity itself, wliere the particles of food stick to 
tlic mucus secreted by specific glandular cells. Tliis mucus 
contains ferments, tlianks to which tlie food is digested. Small, 
half-digested particles may be engulfed by other cells, witliin 
which, as in the body of the amoeba, food vacuoles are formed. 

Thus, we see tliat digestion in sea-anemones may take place 
both within the cells and outside the cells. In many other inver¬ 
tebrate animals, also, digestion may proceed simultaneously both 
in the digestive cavity and inside the cells. However, the liigher 
tlie organization of an animal, the greater is the importance which 
digestion outside the cell acquires. 

In vertebrate animals, digestion of food takes place completely 
outside the cells, in the cavity of the intestinal canal, into wliich 
juices, containing all the necessary lerments, are secreted by 
a great number of digestive glands. 

Phagocytes. As a result of the development of the animal in 
the course of many centuries, digestion of food inside the cells 
lost its original significance; digestion began to take place out¬ 
side the cells — within tlic alimentary canal. But digestion 
inside the cell has not disappeared completely. It remains, 
but has acquired another no less important significance for tlie 
organism. 

As tlie great Russian scientist, Metchnikov, proved, the removal 
of microbes and of decomposing body cells from the organism is 
performed by phagocytes by means of digestion within the cell. 
Phagocytosis, liowever, docs not take the place of the processes 
of digestion. I he phagocytes, like all the other cells of the body, 
need nutritive materials that are prepared and already digested. 
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38. The mouth cavity 

The structure of a tooth. 'I’he mouth cavity is the beginning 
of the alimentary canal. In the mouth the food is moistened by 
the saliva and is broken up into small pieces by the teetli. The 
tcetli consist of a compact tissue — dentine, wliich is a kind of 
bony tissue. The teeth are imbedded in special sockets of tlie 
upper and lower jaws. The part of the tootli that is imbedded in 
tlie socket of tiie jaw is called the root, while the part that pro¬ 
jects outside the socket — the crown 
(Fig. 79). Inside the tooth there is a 
cavity, filled with a tissue richly sup¬ 
plied with blood vessels and nerves; 
these enter the tooth through fine 
canals, whicli extend to the roots of the 
tooth. The surface of the crown is cov- 


Fig. 79. Structuri' of a loolh; Fig. 80. Tecih of a liuman baing: 

/ — unamc'l of a tootli; 2 — dmliiie; ; and 2 - incisors; —a canine: •# and .5 — 

./—canals lliroujili which blood preinolars; (i, 7 and -molars (the last one 

Vf.ssels and nerves enter tlie tooth is a wisdom tooth); P — branchings of nerves 

cavity (^): .5—crown; 6- root. entering the roots of the teeth. 

ered with a layer of very strong tooth enamel. Teeth possess 
great durability due to their structure. 

The number and shape of the teeth. A hurnim being has 
32 teeth, 16 each in the upper and the lower jaws (Fig. 80). The 
4 front teetli of each jaw arc called incisors-, following them, on 
either side of the jaws, there are one canine, two premolars and 
tliree molars. 

Chewing and grinding of food is done by the premolars and 
molars. Tearing off and biting off large pieces is done by the 
canines. 'I'he incisors are used mainly for the biting of food. 

The milk teeth. A child first gets temporary, or milk teeth. 
By the time the child is 2 or 2*/* years old, it has twenty teeth: 
eight incisors, four canines and eight premolars (Fig. 81). The 
first permanent molars usually begin to erupt at about the age of 
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six to eight. At this age, also, begins the change of teeth: the 
milk teetii are gradually loosened and fall out as the permanent 
teeth push their way out to replace them. At about 12 or 14 the 
change of teeth is over; and, during the same period of time, the 
second molars begin to grow. The very last molars (one on either 
side) usually do not appear before the age of 18, and sometimes 
only at about the age of 25 to 30; these are called the wisdom teeth. 

Care of the teeth. In spite of tlic great hardness of the tooth 
enamel, small cracks may appear in it. Cracking nuts and biting 
other hard substances with the teeth, taking extremely hot and 
cold foods or drinks in close succession (for example, ice-cream 



Fig. 81. Milk teeth: 

1 — milk tiTlli; 2 — rudiments ol the permanent teetli. 


after hot tea), will usually crack the enamel. 'Hie enamel of chil¬ 
dren and of adolescents is thinner than that of adults: the teeth of 
young people are therefore more easily injured. 'I'he milk teeth 
are especially fragile. 

Injury to the enamel usually leads to the gradual decay of a 
tooth. Decay in one tooth, if not attended to, will always spread 
to the neighbouring teeth; it is therefore of the utmost importance 
to have one’s teeth ex'amined by a dentist twice a year, with the 
purpose of stopping or extracting decayed teeth. 

Particles of food lodged between the teeth become decayed and 
spread decay to the teeth. In order to dislodge such particles and 
thus avoid decay of the teeth, it is necessary to brush the 
teeth with tooth powder every night before going to bed; the 

outer surface of the teeth should be brushed first, from the top 

down and from the bottom up, and then the inner surface. 'I'he 

mouth should be rinsed with drinking water after each meal. 

The salivary glands. 'I'he mouth cavity is always moist. The 
pioisture is caused by the secretion of mucus from a great num- 
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ber of small glands imbedded in the walls of the inoutli cavity, 
and also by the secretion of saliva from three pairs of large sali¬ 
vary glands: the parotid, the sublingual and the submaxillary 
glands (Fig. 82). These glands resemble a cluster of grapes in 
their structure. They consist of a great number of tiny glands, 
having the shape of little balls or sacs. The ducts of all these 
little glands unite to form one common duct, opening into the 
mouth and .secreting saliva. 



Tig. 82. Salivary glands: 

/ — p.'irolid jrl:inds: 2 — duct of tlio parotid j^laiid; 3 ■— sub- 
lin^,ojaI jjland; — duel of the siibliiijrual jilnnd: .5- siib- 
iiia.villary gland; 6’— duel of the siibinaxillary gland. 

A person secretes from 600 to 700 cti. cm. of saliva a day. 
The saliva moistens dry food and washes away any injurious or 
foreign substances from the mucous membrane of the mouth. 

In the human being, one of the constituents of saliva is the 
ferment ptyalin, which helps to convert starch into maltose. 
Another ferment found in tlie saliva continues the process of de¬ 
composition already begun, and converts the maltose into grape 
sugar. Thus, the saliva takes part in the digestion of carbo-hy¬ 
drates contained in the food. 

Swallowing. After the food has been moistened by the saliva 
and masticated, it is propelled into tlie pharynx liy tlie movements 
of the tongue. When the food reaches tlie pharyn.\, the soft palate 
rises, closing the entrance to the nasal part of the pharynx; the 
larynx is drawn upward and is closed by the epiglottis, which 



bends back. The cpig^lottis acts as a protecting^ shelf to prevent 
food from getting into the nasal part of the pharynx and into tlie 
larynx. 

The pressure of the tongue on the bolus of food forces the 
food into the oesophagus — a muscular tube lined with mucous 
membrane (Fig. 83). 



h'ig. 8;t. An of swallowing. l eft - -diagram showing the palli Iraverseil by air 
in rc.spiratioii and by a fond bail in swallowing; rigiil — llie food ball at Ihe 

moment it is swallowed: 

1 - food ball: 2 — lonj^iic; .y—larynx; — opi^lotlis; 5 — soft palate. 


Tlie muscles of the upper part of the oesophagus are of a stri¬ 
ated structure. 'Die rest of tlie oesophagus contaitis smooth muscle 
[litres, which, in contracting, produce a series of wave-like circu¬ 
lar contractions of the whole tube. 3'he wave of contractions first 
sets the upper part of the oesophagus into motion, tlien, spreading 
tlirough the oesophagus, reaches the stomacli. Thus, by means of 
such vermiform contractions, the food is propelled into the 
stomach. 

Problem. Make a diagram of llic .siruclurc of a lootli. 


39. The stomach 

The structure of the stomach. The stomach is tlie widest part 
of the alimentary tube. In the wall of the stomach, as in all other 
parts of the alimentary tube, there is a thick layer of muscle and 
an inner layer of mucous inembrane. Tlie inlet to the stomach and 
the outlet from it are usually closed, due to the contractions of 
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tlic circuhir muscles situated at the point where the oesophagus 
merges into the stomach and at the point where the intestines 
begin. 'I'he muscles are relaxed during the passage of a bolus of food. 

In the mucous membrane of the stomach there are about five 
million little glands that have the shape of tiny branching tubes 
(Fig. 84). 'I'hese little glands secrete daily about two litres of 

gastric juice, by nieans of which the food 
proteins arc digested. 

Gastric juice. Gastric juice contains 
the ferment pepsin, and hydrochloric acid. 
The pepsin acts on the proteins of the 
food and begins the work of digestion. 
But the ferment cannot carry on its work 
without an acid medium. Besides this, the 
acid plays a protective role in destroying 
most of the microbes that find their way 
into the stomach with the food. 

Lumps of food that have been moistened 
by saliva and have got into the stoinacii, 
usually remain there in an inert state 
for a great length of time, compressed by 
the contracting walls of the stomach. Sour 
juice, secreted by the numerous gastric 
glands, begins to act gradually upon the 
food mass and forces its way very slowly 
into the centre of the food mass. Therefore, the digestion of pro¬ 
teins begins first only at those points where the food comes in 
contact with the walls of the stomach. 



big. 84. Gastric glands. 
Pari of Ihc muscular layer 
of llie sininacli wall is seen 
at the bottom. 


Carbo-hydrates are also digested in the stotnach by the fer¬ 
ments of the saliva which get into the stomach together with the 
food. However, the ferments of the saliva do not act in the pres¬ 
ence of hydrochloric acid. Therefore, the splitting up of the carbo¬ 
hydrates is carried on in those parts of the food mass into which 
the sour gastric juice has not yet penetrated. 

The passage of food into the intestine. In the course of di¬ 
gestion, food passes into the lower part of the stomach, which 
leads to the exterior. In the lower part of the stomach, the wave¬ 
like contractions of the stomach wall begin to churn the food 
mass, which then enters the intestine in small portions. 


40. The intestinal canal 

The intestines. Food passes from the stomach into the 
intestines and is carried a long way, at first through the small 
intestine and then through the large intestine (Fig. 85). As it 
moves slowly along, the food is gradually digested. Ihe products 
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of digestion are absorbed from tlie intestinal canal into the 
blood. 

'Ihe intestinal canal of a human being is longer than 
carnivorous animals, but it is considerably shorter than 
herbivorous animals: in a dog it is 
4 V 2 times longer than its body; in 
sheep it is 24 times longer, and in liu- 
man beings it is 9 times longer. 'I'lic 
length of the intestinal canal depends 
upon the character of the food used. 

Vegetable food contains less nutritive 
material than meats; furthermore, cell¬ 
ulose, which composes the membrane 
of plant cells, is very slowly digested. 

I'herefore, vegetable food is consumed 
in greater quantities and remains in 
the intestinal canal for a longer time. 

The duodenum. The first segment 
of the small intestine is called the 
duodenum. The ducts of the pancreas 
and of the liver open into the duode¬ 
num. Both the pancreas and the liver, 
like the salivary glands, are closely 
connected with the alimentary tube, 
not only because they take part in 
the digestive process, but also because 
of their development: both of them 
first appear in the embryo in the form 
of lateral growths of tlie alimentary 
tube. 

The pancreas. The pancreas is 
the same kind of a complex branciiing 
gland as the salivary glands. Pan¬ 
creatic juice contains ferments which 
act upon all three of the chief consti¬ 
tuents of food: proteins, fats and 
carbo-hydrates. 

The splitting up of proteins by 
means of pancreatic juice goes on 
much more intensely than in the stom¬ 
ach: the proteins are split up into 
separate amino-acids. In pancreatic 
juice there is another ferment, which, 
converts starch into sugar. A fatty 
into glycerol and fatty acids. 

The liver. The liver is situated in the upper part of the right side 
of the abdominal cavity, just below the diaphragm. This is a very large 
organ; its weight in an adult per.son is approximately one kilogram. 



Fi<T. 8"). Diagrani of tlie organs 
of (iigoslion; 

/ — ocsophajfus: 2 — sloinacli: ,V— liver; 
4 — jrall bladder; >>-- duodenum; 6 — 
bile duel; 7 — pancreas; 8 - pancreatic 
duct: 9 — small intestine; 7t> — caccn-n; 
//—vermiform appendix; 12--large 
intestine; 18 — rectum 

like the ferment ptyalin, 
ferment splits up the fats 
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Tlie liver is supplied witli blood, ricli in oxygen, by an artery, 
as all tlie other organs are supplied. Besides tlie artery, there is 
a vein, which opens in the liver, and contains blood coming from 
tlie stomach, the intestinal canal, the pancreas and the spleen (see 
coloured plate II). In the liver, this vein breaks up into many 
branches and again forms capillaries. As a result, the blood flowing 
through the intestinal canal passes through the capillaries twice. 
'lids specific feature is connected with the great role that the liver 
plays in metabolism and, in particular, with its role in the further 
processes that the digested and absorbed nutritive materials must 
pass through. 

One of the functions of tlie liver is to produce bile, which 
passes into the duodenum through the bile duct. Although the bile 
itself contains no digestive ferments, it facilitates the action of 
other ferments, and thus facilitates the digestion of the nutritive 
materials. The production of bile in the liver goes on continually: 
but bile enters the intestinal canal only at the same time the food 
pap, or chyme, from the stomach enters the duodenum. At all other 
times, bile passes into the gall bladder, where it is stored until 
needed. 

The small intestine. The small intestine is the longest part of 
the digestive tract. Imbedded in the mucous membrane of the small 
intestine are vast numbers of small intestinal glands, which 
secrete about two litres of digestive juice daily. 'I'his digestive 
juice contains ferments which act on the proteins, fats and carbo¬ 
hydrates, thus completing their digestion. 

Peristalsis in the intestine. If the abdominal cavity of a chlo¬ 
roformed animal is cut open, the slow vermiform movements of the 
small intestine, coiled in loops, may be observed. These movements 
are produced by the slow periodic contractions and relaxations of 
the smooth muscles, situated in the walls of the intestine. Each 
contraction is communicated, not to all of the intestine at once, 
but only to a small part of it at a time; thus, the wave of con¬ 
traction moves gradually along the whole length of the intestine. 
Sucli wave-like or vermiform movements of the intestinal wall, 
usually following one another in succession, is known as peri¬ 
stalsis, or peristaltic movements. Peristalsis may also be observed 
if a piece of intestine, cut out of the body, is immersed in a 
physiological solution. 

Due to peristalsis, the chyme is kept churning and mixing and 
is moved slowly onward througli the intestine. 

The intestinal villi. The passage of substances from the exter¬ 
nal environment through the skin, or through the mucous membrane 
of the digestive tract, into the blood and lymph is called absorp¬ 
tion. The absorption of the products of digestion goes on chiefly 
in the small intestine. 

If we put into water a piece of mucous membrane from the 
small intestine and examine it with a magnifying glass, we may 



see a great number of folds, thickly covered with fine, finger-like 
projections tliat resemble the pile on velvet. These little projec¬ 
tions arc called villi (Fig. Sfi). Due to the folds, and especially 
to the villi, the surface of the intestine is considerably increased, 
tlius accelerating the absorption of nutritive material. 

Inside each villus there is a network of minute blood vessels; 


within each villus, also, a lymph 
through the length of the villus; 
all the little lymph vessels of tiie 
villi open into the lymph vessels 
of the intestinal wall. 

Absorption — a physiologi¬ 
cal process. Formerly it was sup¬ 
posed that absorption was simply 
tlie infiltration of the products 
of digestion through tlie walls 
of the villi. However, a detailed 
study of the process of absorp¬ 
tion siiowed that by far not all 
substances pass through the walls 
of the villi. Notwithstanding the 
magnitude of the pressure of the 
liquid and of the concentration 
of substances on both sides 
of the walls of tlie villi, sub¬ 
stances can pass only in one 
direction — from the intestines 
into the villi. This means that 
absorption is a physiological pro¬ 
cess wiiich cannot be explained 
by the laws of filtration and osmo¬ 
sis. Absorption is the result of the 
active work of the cells, which 
form the surface layer of the villi. 

The role of the liver as a b 


essel has its origin and extends 



Fig. 86. Diagram of the siruclurc of a 
villu.s; (right -part of a villus highly 
magnified); 

/ — villus: 2 — layer of cells Ihrougfi which 
ab.sorption takes place; 3 — origin of the lymph 
ves.scl in the villus; 4 — blood vessels of the 
villus: lymph vessel in the intestinal wall; 

fj—blood ve.ssel.s in the intestinal wall; 
7 - part of the mnsrular layer of the intesti¬ 
nal wall; .V — intestinal glands. 

rrler. The products of digestion 


that have been absorbed into the blood get into the liver first of 


all, since the blood from the intestinal canal first flows into the 


liver, and after that to the heart. The passage of the blood in 


such a way is of very great importance. 

When eating food cooked in copper pots that are not tinned, 
invisible particles of copper find their way into the digestive 
tract, where they are converted into soluble salts by the action of 
the acids in the gastric juice, and in tlie form of soluble salts may 
get into the blood. Other substances, such as compounds of lead, 
zinc, arsenic and many other .substances injurious to tlie health, 
which are to be found in the dust of some factories, may also get 
into the blood. Such substances are always to be found in great 


quantities in our environment. 
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The liver either renders harmless sucli poisonous substances, 
brought by the blood from the intestinal canal, or converts them 
into an insoluble state, and then eliminates them with the bile. 
When they enter the intestinal canal again, they are already 
in an insoluble state and are eliminated from the intestinal canal 
together with tlie faeces. In this way the liver serves as one of the bar¬ 
riers between the exterior and the interior mediums of the organism. 

The large Intestine. Cliyrae that has not been absorbed into tlie 
small intestine enters the large intestine; here tlie process of ab¬ 
sorption is completed; however, it 
is water that is mainly absorbed 
here. 

The last segment of the large 
intestine, through which waste 
material is eliminated to the exter¬ 
ior. is called the rectum. 

The caecum. The first segment 
of the large intestine is called the 
caecum (Fig. 87). 

In some herbivorous animals, 
the caecum is of a tremendous 
size; the caecum of the horse has 
a cubic content of about 30 litres. 
Its great size is due to the fact 
that the splitting up of the plant 
cellulose goes on within it by 
means of fermentation produced by 
microbes. 

The caecum of the human being, 
in comparison with that of ani¬ 
mals, especially herbivorous animals, is not large. 

The vermiform appendix. Extending from the caecum is a thin 
vermiform projection known as the appendix (F'ig. 87). 

In a middle-aged person, the opening of this vermiform appendix 
is often completely fused together. The appendix, evidently, is of no 
importance to the vital activity of the human organism. Nevertheless, 
it often proves to be very harmful to a person. F'ood collects and 
decays there, or intestinal worms settle there and may cause inflam¬ 
mation of the appendix, or appendicitis. In such cases, an operation 
is often performed, in which the appendix is completely removed. 



87. Caecum: 

/ - -s.nall iiilfslinc; 2 — large Intestine; .? — 
caecuin; V--appendix; — opening of the 
appendix. 


41. I. P. Pavlov and his work on the physiology of digestion 

The role of Pavlov in the development of the physiology 
of digestion. The study of the digestive process is almost wholly 
connected with the development of our own native science. It is an 
established fact that Russian scientists, and foremost among them 
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1. P. Pavlov, created a real revolution in the study oE digestion, 
which, not without cause, is called abroad “the Russian branch of 
physiology.” 

The biography of 1. P. Pavlov. Ivan Petrovich Pavlov was 
born in 1849, in the family of a priest. Ivan Petrovich graduated 
from a theological seminary; but, influenced by the advanced ideas 
of his time, he decided to study the natural sciences. For this 
purpose, he entered the natural science faculty of the University 
of St. Petersburg. When in the second year at the university, he 
was already conducting scientific investigations. His first scienti¬ 
fic work, while still a student, was devoted to the study of the 
innervation of tlie pancreas, for which he was awarded a gold 
medal. 

After finishing the university, Pavlov entered tlie Medico-Sur¬ 
gical Academy and graduated from it in 1879. 

The leading physicians of the time understood that in order to 
treat and cure patients successfully, one must have a deep scientific 
know ledge of physiology. S. P. Botkin, a famous physician and profes¬ 
sor at the Medico-Surgical Academy, decided to organize a special 
laboratory for the study of physiology and of digestion in ani¬ 
mals. The young and modest scientist, 1. P. Pavlov, was invited 
by Botkin to work in his laboratory; by this time, however, Pav¬ 
lov had already succeeded in making himself known as a persis¬ 
tent and fervent investigator. 

Pavlov began his research work with enthusiasm. The entire 
laboratory consisted of one room. But this did not prevent him 
from doing creative work on a wide scale. It was here that he 
performed his remarkable work on the innervation of the heart. 
Here also he began those brilliant experiments which resulted in 
the discovery of a new approach to the study of the work of the 
digestive organs. 

After some years had passed, Pavlov went abroad and met the 
greatest physiologists of that time, but it turned out that there 
was nothing he could learn from these foreigners, that there was 
much he could teach them. And, indeed, it was not long before 
foreign scientists began to arrive in Russia, in order to learn new 
methods of work from Pavlov. 

There was never a time that Pavlov was witliout pupils. To 
his little laboratory came physicians interested in physiology, and 
for each of them there was work. A friendly cooperative atmos¬ 
phere reigned in his laboratory. Pavlov infected those around him 
with his own enthusiasm for work, with his own great devotion 
to science. As a result, many of his pupils became famous physi¬ 
ologists or physicians. 

In 1891 the Institute of Experimental Medicine was founded. 
Beginning with 1891, Pavlov was the head of the physiological 
department of this institute, and remained its head to the end of 
his life. Here he continued his study of the physiology of tlie 
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digestive tract, investigating the specific features of the work of 
each gland. By means of different and often very complex and 
ingenious experiments, Pavlov made a detailed study of the regu¬ 
lation of the work of the digestive organs and of their adaptation 
to the changing needs of the organism and to the various con¬ 
stituents of food. 

A few years later, Pavlov received the title of professor and 
was elected head of the cliair of physiology at the Medico-Surgi¬ 
cal Academy. In 1906 he was elected a member of the Academy 
of Science. 

Pavlov’s name became widely known abroad, and in 1904 he 
was awarded an international prize for his outstanding work on 
the physiology of the digestive tract. 

However, by that time Pavlov was already less interested in 
problems of digestion. By making a study of the work of the 
salivary glands in dogs, he determined that the activity of the 
salivary glands was aroused, not only wlien food was in the 
mouth of the dog, but by agents acting at a distance, such as 
the sight and the odour of food. Furthermore, the secretion of 
saliva was stimulated in the dog by the sound of the footsteps 
or the voice of the person who was in tlie habit of bringing it food. 

Taking these facts into consideration, Pavlov made an attempt 
to utilize them in the study of the higlier division of the brain — 
ttie cortex of the cerebral hemispheres. This attempt was crowned 
witli complete success. Pavlov spent more than 35 years in studying 
higher nervous activity, and used his work with the salivary glands 
as an indication of this activity. Thus, as a result of the work of 
Pavlov and his numerous co-workers, a completely new branch of 
physiology was created - the science of conditioned reflexes. 

The tzarist government showed little interest in the great 
scientist. Pavlov’s limited means did not give him the possibility 
to conduct his work on a wide scale. During the imperialist war, 
Pavlov’s laboratory came almost to a complete standstill. 

It was only after the Great October Revolution that favourable 
conditions were created for the scientific activity of Pavlov and 
Iiis co-workers. During the Civil War, the Soviet government took 
special measures to improve the living and working conditions of 
Pavlov, — and our government did this in spite of the extremely 
hard conditions of life of the period. By a decree of Lenin, the 
dogs wliich Pavlov used in his laboratory were regularly and con¬ 
tinuously supplied with food. Thus were saved the animals on 
whicli Pavlov, in his study of conditioned reflexes, had for so many 
years experimented. 

Pavlov understood and appreciated the importance of the great 
building up of a new life in our country. He set to work with 
still greater energy on his beloved science, striving, by means of 
his scientific work, to be of maximum use to his own people and 
to all humanity. 
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“No matter what I do," Pavlov once said, “I always keep in 
mind that I am serving, so far as it is in my power to do so, 
first of all, my native land." 

In 1935 an international conference of physiologists took place 
in the U.S.S.R., and to it came the greatest scientists from all the 
countries of tlie world. This conference unanimously voted Pavlov 
“the world’s greatest physiologist." 

Pavlov died in 1936. 

A short time before his death, when the 10th Congress of the 
Leninist Young Communist League took place, the great Soviet 
scientist, ardent patriot of his native land, wrote an open letter 
to the Soviet Youth; in this letter are reflected Pavlov’s chief traits, 
characteristic of him both as a scientist and as a man. The full text of 
this remarkable document is given in tlie preface to this text¬ 
book. 

The new method of studying digestion. In 1842 a Russian 
scientist, Basov, had already performed an operation on a dog, 
as a result of which it was possible to investigate the contents 
of the stomacli at any time. The operation was as follows: the 
abdominal cavity of an animal was cut open; an opening was made 
in tlie wall of the stomach, and in tins opening was inserted 
a small metal tube, so that one end of it was in the abdominal 
cavity, while the other end was conducted outside the body. The 
outside end was stopped with a plug; the wound around the tube 
was sewn up. The dog did not suffer from this operation. 

Thus, as a result of the operation, an opening, or fistula, was 
made, through which it was possible to investigate the interior of 
the stomach at any time. 

Other scientists also tried to make such a fistula in various 
parts of the digestive tract. But it was only Pavlov, and his 
numerous associates, who succeeded in improving and perfecting 
the method of making fistulae to such an extent that it was pos¬ 
sible to carry on a deep and detailed study of the work of the 
digestive organs. The problem did not consist only in learning 
to inake a fistula in any part of the digestive tract; it was a greater 
problem to obtain, by means of the fistula, digestive juice, unmixed 
with food and with other juices, and, what was particularly 
important, to see that the fistula did not injure or interfere with 
the normal work of the intestinal canal. 

After many persistent attempts, Pavlov succeeded in making 
a chronic (constant) fistula connected with the pancreas. Pancreatic 
juice empties into the duodenum through two ducts. One of these 
ducts Pavlov conducted to the exterior of the dog’s body and 
sewed it to the skin together with a small piece of intestine. Now 
the juice was eliminated through one duct, as before, into the 
intestine, while through tlie other duct it was eliminated outside 
the body. But it was observed that the animals operated on suf¬ 
fered very niucli from ulcers, which developed around the fistula, 
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so that most of them soon died. However, Pavlov’s extraor¬ 
dinary powers of observation helped him to overcome this dif¬ 
ficulty. 

One day Pavlov noticed that one of the dogs, soon after the 
operation, began to gnaw at plaster, and then, collecting it in 
a small heap, lay down on this porous lime bed; as a result, no 
ulcers formed around the fistula of this dog. This incident, which 
taught Pavlov the method of struggle with tlie erosive action of 
pancreatic juice, the great scientist remembered all his life. In 1935, 
when, at tlie initiative of Pavlov, a monument to a dog was put 
up in the courtyard of the Institute of Experimental Medicine in 
Leningrad, the following inscription was engraved on the monu¬ 
ment: “By crushing plaster into small pieces and making a porous 
bed out of it, tlie dog suggested to the experimenter the method 
to be used in preventing erosion of the stomach by the pancreatic 
juice, when it flowed out of the artificial opening." 

By applying various kinds of fistulae, sometimes several of them 
on one dog, Pavlov studied the work of the whole digestive tract, 
thus making clear the interconnection and interaction between its 
different parts. 

Pavlov’s work in the field of digestion created a real revolu¬ 
tion in physiology by demonstrating graphically the importance 
of studying the work of an organ in the natural conditions of 
the whole organism. 

The work of Pavlov and his co-workers is of tlie greatest 
importance in understanding the processes that go on in the human 
organism: their work determines the most important rules of the 
hygiene of nutrition, helps to differentiate and diagnose the various 
diseases of the digestive organs and to choose the correct method 
of treatment. 


42. The regulation of the work of the digestive glands 

The regulation of salivary secretion. To study tfie work of 
the salivary glands in animals, Pavlov made artificial fistulae and 
conducted the glandular duct to the exterior of the body (Fig. 88). 
In order to study salivary secretion in the human being, special 
suckers are used, which are attached in the mouth cavity so as 
to be directly opposite the outlet of the duct of the salivary gland 
(Fig. 89). 

In a human being and in animals, the main salivary glands 
secrete saliva reflexly. Food that is in the mouth cavity stimu¬ 
lates the endings of the gustatory nerves. The impulses aroused 
in them are transmitted to the medulla oblongata, and from there, 
along other (efferent) nerves, reach the glands and bring them 
into action (Fig. 90). 
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The sight and tlie smell of food, and even a conversation 
about food, stimulate the corresponding nerve endings (optic, olfactory 
or auditory), and call forth the secretion of saliva, the result of 
a conditioned reflex; the saliva secretion is brought about with 
the participation of the cortex of the cerebral hemispheres. Tlie 
mere thought of tasty food is enough “to make the mouth water.” 
The nature of salivary secretion at the sight 
of food, or when talking about food, is ex¬ 
actly the same as that which occurs when the 
same food is introduced into the mouth. 

The regulation of the work of the gas¬ 
tric glands. When food is taken into the 
rnoutli, as well as at the sight or smell of 
food, the secretion of gastric juice begins at 
the same time that tlie secretion of saliva iJ 



begins. Fig. 88. Dog with a 

Pavlov performed a double operation on .salivary fotula. 
a dog and proved that the secretion of gastric 
juice takes place reflexly. I'lie operation performed was as follows: 
first, a fistula was made in the stomach of the dog; tlien the oesoph¬ 
agus was cut across and the two ends thus produced were sewn 
to the skin of the neck. After the operation, any food tliat was 

swallowed could not get into the stom- 
acli (Fig. 91). To prevent the dog from 
^ dying of hunger, food was conducted 

f^ directly into the stomach through the 

't V fistula. 

experiment demonstrated that a 
l^ll few minutes after the “sham feeding” 

\ \ o/i / '\ when the food fell out of the .stomach 

\ I I / i \ through the opening of the cut oesopha- 

\ / / \ gus, the empty stomach began to secrete 

' ! i?.j ' pure gastric juice. The .secretion con- 

) tinued for about one or two hours. When 

I_ )J the little branches of the vagus nerve, 

which leads to the stomach, were cut, 
I the “sham feeding” did not arouse any 

' secretion of juice. This proves that the 

, ,. work of the gastric glands is regu- 

vary scervtion in a human lated by the nervous system, that is, it 

being; at the bottom —suck- is regulated reflexly. Thus, the reflex se¬ 
er used to collect the saliva, cretion of gastric juice may be uncon¬ 

ditioned, as well as conditioned', that is, 
it takes place with the participation of the cortex of the cerebral 
hemispheres. 

In order to collect and examine gastric juice in the pure state. 






I'ig. 89. InvcxSligalion of sali¬ 
vary secretion in a human 
being; at the bottom — suck¬ 
er used to collect tlie saliva. 


without any admixture of food in it, Pavlov performed a very 
complex operation: he cut the stomach into two unequal parts, 



into a large stomach, and a small, or isolated stomach. The food 
in the oesophagus could enter only the large stomach, and from 
the large stomach it could pass into the intestinal canal. 1 he small, 
or isolated, stomach was a closed-up bag (pouch), with an opening 

leading to the exterior of 
the body. The operation 
was a very complex one, 
because special care had 
to be taken not to injure 
in any way either the blood 
vessels or the nerves lead¬ 
ing to the isolated stom¬ 
ach. Under these condi¬ 
tions, the isolated stomach, 
in which there was no food, 
kept on secreting juice ex¬ 
actly as the large stomach. 

Observations showed 
that when food entered the 
stomach after a normal meal, 
the juice continued to flow 
, , for a period of four to 

7-a funnel. SIX houfs, and even for 

eight hours running —and 
not for one or two liours, as was the case in “sham feeding.” 

The flow of gastric juice, in such a case, is prolonged by means 
of humoral regulation. During digestion, certain substances are 
absorbed into the blood through tlie wall of the stomach. These 




rig. 91. Diagrammatic reprc.scnlation of .some types of operations applied in 
studying digestion in the stomach: 

/ — shows the application of a fistula in the stomach, and the cut oesophagus; 2 — the small 
i.solalcd stomach; .'j — tube used lor collecting the juice from the isolated stomach. 

substances in the blood cause excitation of the gastric glands, 
and, as a result, the flow of juice continues. 

A Soviet scientist, 1. P. R a z e n k o v, demonstrated, by an 
experiment, that if certain substances (meat juices, or the products 
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of the digestion of proteins) are introduced into the blood of a dog 
or under its skin, gastric juice will begin to flow, even if the 
animal does not receive any food. 

It is possible to avoid the reflex secretion of juice by taking 
a dog witli an isolated stomach and with a fistula applied to the 
large stomach, and introducing some food directly into its stomach, 
but so that the dog is not aware of it. In response to the intro¬ 
duction of food in such a way, gastric juice begins to flow, not 
immediately, but in 15 to 30 minutes; in the case of some foods, 
it does not flow at all. Thus, bread, after lying in the dog’s stom¬ 
ach for several hours, remains undigested because of the absence 
of gastric juice. 

But if a piece of bread is shown to the dog, or if it is allowed 
to smell it, after some bread has been introduced into its stomach 
through a fistula, then a copious reflex flow of juice immediately 
begins; also, after some time, the substances that have been absorbed 
into the blood bring about prolonged humoral excitation of the 
gastric glands. 

It is clear from these experiments that the humoral secretion 
of juice depends, to a great extent, on the initial secretion brought 
about by reflex action. Consequently, the participation of both 
humoral and reflex regulation are equally necessary for the normal 
digestion of food. 

In order to study the work of the gastric gland of a human 
being, the contents of tlie stomach is usually drawn out with the 
help of a rubber tube introduced into the stomach through the 
jiiouth. In several cases it was even possible to observe and study 
patients, in whose stomachs fistulae had developed as the result 
of a wound or some other injury. 

The regulation of digestion in the intestines. Ihe entrance 
of pancreatic juice and bile into the duodenum is also subjected 
to both reflex and humoral regulation. Reflex regulation may 
take place without the participation of the cortex of the cerebral 
hemispheres (unconditioned reflexes) as well as with its partici¬ 
pation (conditioned reflexes); therefore, the mere sight or smell 
of food is enough to cause the secretion of juices. However, the 
flow of juice caused by reflex action is slight in comparison with 
that produced by the action of the humoral stimuli. 

Pavlov determined that an abundant flow of pancreatic juice is 
brought about when chyme, saturated with sour gastric juice, passes 
from tlie stomach into the duodenum. 'I'he same may be observed 
when pure gastric juice or hydrochloric acid is introduced artifi¬ 
cially into the duodenum. 

When the acid comes in contact with the mucous membrane 
of the intestine, a special substance — secretin, is formed in the 
intesiinal wall. Passing into the blood, secretin spreads throughout 
the whole body, finds its way into the pancreas and stimulates it, 
thus intensifying the secretion of juice. 
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Academician K. M. Bykov succeeded in making a study of 
the regulation of the work of the pancreas in a human being; he 
performed some experiments on a patient, in the duct of whose 
pancreas a fistula had formed as the result of some serious injury. 

While eating, or at the sight of food, there is no flow of intes¬ 
tinal juice — that is, no juice is secreted from the glands situated 
in the walls of the small intestine. Intestinal juice is secreted 
only in those parts of the intestine that are in contact, at a given 
moment, with chyme, which irritates the mucous membrane and 
calls forth local secretion of juice. 

Coordination in the work of the digestive organs. The work 
of all the organs of the digestive tract, beginning with the organs 
of the mouth cavity and ending with the large intestine, is highly 
coordinated. 

The mere sight or smell of food is sufficient to start a flow 
of saliva, or gastric and even pancreatic juice. When food is taken 
into the mouth, the secretion of juice is considerably increased. 
The composition and quantity of the juices secreted by the digestive 
glands depend upon the properties and the constituents of the food 
swallowed. 

If a weak solution of hydrochloric acid is introduced into the 
moutli, there is rather a copious secretion of saliva, but the saliva 
is very watery, and is more alkaline in its reaction than ordi¬ 
narily. There is also a copious and watery flow of saliva when 
dry toast is being eaten. When soft bread is eaten, the saliva is 
thick, and its quantity is very small. The saliva is still thicker in 
tlie case of boiled potatoes, or the hard-boiled yolk of an egg. 

The digestive action of the saliva is also not always the same. 
The saliva of a human being is very rich in ferments (ptyalin) 
when potatoes are being eaten; when some other foods are eaten 
(fruit, sweets), the saliva contains few ferments. 

Lean meat, in comparison with fat meat, calls forth two or 
three times greater a flow of pancreatic juice, rich in a ferment 
that splits up the proteins. In the case of very fatty foods, the 
amount of ferment which splits up the fats is increased in the 
pancreatic juice, while the content of other ferments in the juice 
is decreased. 

The composition and quantity of other digestive juices also 
depend, to a great extent, upon the nature of the food to be 
digested. 

Because of the nervous and humoral regulation of the activity 
of the digestive glands, the secretion of digestive juices con¬ 
tinues in each part of the intestinal canal as long as there is any 
food in it. 

Experiments with animals, and also observations made of people, 
have proved that when the diet is changed, the work of the whole 
digestive tract also changes. Thus, a transition from a meat diet 
to a diet consisting mainly of carbo-hydrates (bread, vegetables. 
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gruel), considerably reduces ifie amount of gastric juice secreted; 
the work of the other glands changes also. 

However, it must not be thougtit that the work of the intes¬ 
tinal tract is always adequate to its needs. In many cases the 
quantity and cojiiposition of the digestive juices do not corres¬ 
pond to the nature of the food being digested. Thus, when milk 
or the yolk of an egg is being digested, .saliva, containing a large 
amount of ptyalin, is secreted. But these foods do not contain 
starch, and therefore the ferment produced by the gland becomes 
absolutely superfluous in this case. Many instances may be given 
of the inadequacy of the work of the glands. 

When the idealists speak about “adequateness,” they have in 
mind the idea tliat each organ exists and every phenomenon takes 
place “for some purpose” and has “some definite pre-ordained aim.” 
Such a notion has its source in the religious belief that the world 
was created by a god. Actually, there are organs and functions 
of the body that are clearly “inadequate.” Among tliesc may be 
mentioned the inactive ear muscles of a human being, the vermi¬ 
form appendix, and other peculiarities in the structure of a liuman 
being, many of which have come down to us from ancestors long 
dead. Adequateness in the work of the organism is the result of 
the ability of the organism to adapt itself to the conditions of 
life in the course of many generations. 

The conditions of normal digestion. Normal digestion of food 
depends, in great measure, upon the initial reflex secretion of the 
majority of the digestive juices. 

The ingredients that make up food, the taste of food, the 
methods of preparing it, and all the surrounding conditions, in¬ 
fluence the work of tlie glands, and consequently affect the appetite. 
A dirty table, eating while standing, gulping down one’s food in 
a hurry, and also reading at meals — all this diminislies the reflex 
flow of juices, tlius reducing the appetite. 

A person’s mood is also of great importance in the work of the 
digestive tract. Worry, grief, anger, great excitement may bring 
to a complete standstill the secretion of juices already begun, and 
thus result in loss of appetite. 

The connection of the work of the organs of digestion with 
the various external conditions and with the state of tlie organism 
is established by ike cortex of the cerebral hemispheres. 

Problem. Compo.se a table of the digestive ferments, showing where each 
ferment is produced, and how it takes part in the process of digestion. 

REVIEW QUESTIONS 

1. Of what importance is nutrition to the organism? 

2. What nutritive materials enter into the composition of foods? 

3. Name the chief groups of foods, give the characteristic features of 
each group, and show, approximately, the content in each of proteins, fats and 
carbo-hydrates. 
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4. Explain the process of digeslion. Of what importance Is the process 
of digestion to the organism? 

5. Enumerate the parts of the digestive tract in succession and the glands 
connected with each part. 

6. What changes do proteins, fats and carbo-hydrates undergo in the 
•digestive tract? 

7. What are the chief rules for the care of the teeth? 

8. Why is the study of digestion called “the Russian branch of physiology?’ 

9. How is a study of the work of the salivary glands made? 

10. How is the secretion of gastric Juice regulated? 

11. What operations did Academician 1. P. Pavlov perform that enabled 
him to make a complete study of the work of the stomach? 

12. 'What are the chief functions of the liver? 

13. From what organs does the blood enter the liver through the portal 
vein? Of what importance is this? 

14. What is absorption? Where and how does it go on? 


VI. METABOLISM AND THE TRANSFORMATION OF ENERGY 


43. Metabolism and the transformation of energy — the main 

life functions 

Metabolism (the interchange of substances) as a necessary 
condition of life. Metabolism is not only the introduction into 
the organism of nutritive materials and oxygen from the surrounding 
medium, and the elimination from the organism of waste products; 
metabolism is the sum total of all the complex and various changes 
that take place in the organi.sni. Metabolism lies at the basis of all 
the vital manifestations, and goes on continuously in each organ¬ 
ism; in other words, metabolism is the necessary condition for 
the existence of the organism. With the cessation of metabolism, 
all life functions cease, and the organism dies. 

A change in matter is always accompanied by a transforma¬ 
tion in energy. Thus, for example, when complex organic substan¬ 
ces decompose, tlie potential, that is, the latent chemical energy 
contained in them, is released and is converted into lieat energy 
or into mechanical energy. It is impossible to separate metabolism 
(the interchange of substances) from the transformation of energy: 
the two processes are inseparably connected with each other. 

Metabolism goes on not only in the living organism, but in 
all nature that surrounds us. “But the difference lies in tliis," says 
Engels, “that in the case of inorganic bodies, metabolism decom¬ 
poses them; while in the case of organic bodies, metabolism is the 
necessary condition for their existence.” 

Assimilation and disassimilation. Substances that get into a cell 
of the body are not simply collected and stored there. They undergo 
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complex changes and are converted into the very material of the cell 
itself. 'I'liis ability of a cell to assimilate substances and to utilize 
them for its own building up is called assimilation. In the process 
of assimilation, that is, in the process of the formation of living sub¬ 
stance, the cells not only enrich and renew themselves, but they also 
acquire the latent (potential) energy contained in the new substance. 

Alongside with the process of the building up of living sub¬ 
stance, a partial breaking down process is also constantly going 
on. Ihe destruction, or the decomposition, of the substances that 
enter into the composition of the living cell is called disassimi- 
lation. In the process of disassimilation, potential, or latent (chemi¬ 
cal) energy is released, which is converted into another form of 
energy — chiefly mechanical and heat energy. As an example of 
this, we may take the phenomena which occur in a skeletal muscle. 
When irritated, chemical changes take place in tlie muscle tissue. 
During tliese chemical changes, tlic potential energy of the muscle 
is converted into mechanical energy (the muscle contracts and 
lifts a load) and heat energy (the temperature of the muscle rises). 

As a result of assimilation, matter and energy are accumulated 
in the organism. Disassimilation, on the contrary, means a reduc¬ 
tion, an expenditure, of matter and of energy. Both of these pro¬ 
cesses go on incessantly and in close connection with each other. 
They are as inseparable from each other as the processes of the 
changes in matter and the transformation in energy. The assimilation 
of one kind of matter is always accompanied by the disassimilation 
of another kind of matter. Any increase in one of these processes is 
followed by an intensification of the other. When the organism is 
in the process of growth and the amount of living matter in it 
keeps on increasing, the processes of decomposition are inten¬ 
sified in proportion as assimilation is intensified. 

Assimilation and disassimilation are so closely intertwined, and 
are so dependent upon each other that they may truly be consid¬ 
ered two phases of one and the same process ■— the process of 
metabolism and the transformation of energy in the organism. 

The law of the conservation of matter and of energy. In the 
living organism, as in all nature, matter and energy cannot be 
created out of nothing, neitiier can they be destroyed. They are 
merely subjected to an infinite number of changes. The source of 
matter and of energy in the organism can be only food and the 
energy contained in food. 

The amount of nutritive material that enters the organism and 
tlie amount of potential energy contained in that material may be 
calculated with great exactness. The amount of material and of 
energy expended by the organism may be determined with the 
same exactness. 

Numerous experiments performed with animals, as well as with 
human beings, have proved that if the weight of the body remains 
unchanged, the expenditure of matter and of energy is exactly 
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equivalent to the income of matter and of energy, that is, to their 
introduction into tlie body with food. 

Thus, we may draw the conclusion that the law of the conser¬ 
vation and transformation of matter and of energy can be applied 
in equal measure both to the inorganic and to the organic world. 

The complexity of the phenomenon of metabolism. The intro¬ 
duction of material into the organism and its elimination to the 
exterior — are merely the first and the last staj^es in metabolism. 
Tlie materials that enter the organism undergo a number of pro¬ 
tracted and complicated changes, connected with the processes 
both of assimilation and of disassimilation. And it is just these 
changes that constitute the essence of the process of metabolism. 

Metabolism in the various organs differs. This may be explained 
by the difference in the chemical composition of the protoplasm 
of tiieir cells. There is great variety, especially in the proteins of 
the various organs. In tlie process of assimilation entirely different 
kinds of proteins are formed out of the amino-acids; but eacli kind 
of protein is always specific for a given cell, for a given organ. 

Although tlie end products of decomposition are the same in 
all the organs (carbonic acid, water, ammonia, etc.), the interme¬ 
diary products of disassimilation in the different organs are by 
far not tlie same. 

Certain products of metabolism, which find their way from the 
blood into other organs, may influence the work of these organs. 
An example of this is the improved appetite and the general in¬ 
crease in vital activity which usually follow physical work. This 
is due to the fact that certain intermediary products of metabolism, 
formed in the muscles during their activity, enter the blood. If too 
much and too strenuous physical work is performed, there is too 
great an accumulation in the blood of the products of metabolism 
in the muscles, and the result is a reaction in the opposite direc¬ 
tion: the excitability of the organs, in particular that of the diges¬ 
tive glands, is noticeably diminished, and a loss of appetite follows. 

The role of ferments, or enzymes, in metabolism. A great 
number of ferments, each of which accelerates a definitely specific 
chemical reaction, participate in the complex and varied processes 
of metabolism that go on in the organism. The ferments are pro¬ 
duced as a result of the activity of the living cells; in other words, 
they are the products of metabolism. At the same time, the parti¬ 
cipation of ferments in all the processes of metabolism is absolutely 
necessary; without ferments life in the organism becomes impossible. 

Many scientists, among them the Soviet academicians A. N. B a c h 
and A. 1. Oparin, have done much work in studying the role of 
ferments in oxidation, as well as in various other processes that 
go on in the organism. It has been determined that any inter¬ 
ference in the activity of the ferments may cause very serious disor¬ 
ders in the processes of metabolism, and may even cause the death 
of the organism. 
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44. The metabolism of proteins, fats, carbo-hydrates and salts 

The metabolism of fats. Fats are absorbed almost exclusively 
in the form of the products of their separation — g 1 y c e r o 1 and 
fatty-acids. However, the molecules of fat are restored again 
in the cells of the intestinal villi. 

There are many different kinds of fats in food. Thus, mutton 
fat differs from beef fat or pork fat; there are various kinds of 
vegetable fats also. But the fat which is formed in the walls of 
the villi from the products of digestion always possesses properties 
which are peculiar only to the fat of a human being. 

The absorbed fat enters the lymph, and from there it is carried 
by the lymph vessels to the blood-vascular system. It is distri¬ 
buted, together with the blood, to all the organs and tissues. The 
excess fat is stored in the cells of the fatty tissue; for instance, 
in the subcutaneous fatty tissue. 

The metabolism of carbo-hydrates. Carbo-hydrates are absorbed 
into the blood in the form of simple sugars, chiefly grape sugar, 
or glucose. Excess .sugar is retained in the liver and also in the 
muscles, where it is converted into animal starch, or glycogen. 
riie amount of carbo-hydrates stored in the organism does not 
exceed 500 or 600 grams. In proportion as it is needed, a part 
of the glycogen is again converted into sugar, which again enters 
the blood and is used up as nutrition by the organs and the tis¬ 
sues of the body. 

Carbo-hydrates are one of the chief sources of energy of muscle 
contraction. Carbo-hydrates are also necessary for the activity of 
the nervous system. 

'I’he pancreas takes part in the metabolism of carbo-hydrates. 
The pancreas produces a substance — insulin — which iielps to turn 
tile sugar into animal starch. Insulin does not enter the c.xcretory 
duct of the pancreas, but passes directly into tlie blood. If the 
pancreas does not secrete the necessary amount of insulin, the 
liver and the muscles lose their ability to hold the sugar; thus, 
the’ content of the sugar in the blood is increased. In such a case, 
the kidneys begin to eliminate the excess sugar with the urine. 

As the result of any disorder in the activity of the pancreas, 
all the sugar in food, not retained by the liver, is eliminated with 
the urine. Tliis happens in the case of diabetes, which is often 
the cause of death. Patients suffering from diabetes are treated by 
injecting insulin in the blood. 

The conversion of glycogen back again into sugar is inten¬ 
sified by the action of a substance already known to us — adre¬ 
naline. 

The metabolism of proteins. The end products of the digested 
proteins of food are amino-acids, which are absorbed, unchanged, 
through the walls of tlie intestinal canal, and pass into the blood. 
Each living tissue uses up a part of its proteins. Amino-aciiis, 
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absorbed from the blood, is the material out of which exactly 
the same kinds of proteins are formed again. 

Proteins do not accumulate and are not stored in the organism. 
If there is an excess supply of amino-acids from the intestinal 
canal, they are partly converted into carbo-hydrates. Nitrogen, 
which is one of the constituents of amino-acids, but is not con¬ 
tained in carbo-hydrates, is eliminated in the form of ammonia, 
and is not utilized by the organism. I'he conversion of carbo-hydrates 
back again into proteins does not take place in the organism of 
the human being or of animals. 

The role of the liver in metabolism. The activity of the liver 
is responsible, to a great extent, for the conformity between the 
amount of proteins, fats and carbo-hydrates absorbed, on the one 
hand, and the needs of the organism, on the other hand; that is 
why the liver is sometimes called the central laboratory of our body. 

It is in the liver that amino-acids are converted into carbo¬ 
hydrates, if a person’s diet consists chiefly of protein foods. In 
the liver, also, carbo-hydrates can be turned into fat, and fat into 
carbo-hydrates. That is why fat accumulates in tfie organism even 
when the food is rich in carbo-hydrates (starch, sugar) and con¬ 
tains little fat. 

During the process of metabolism, a certain amount of sub¬ 
stances whicli are injurious to the organism is always formed. 
Many of these substances undergo changes in the liver and are 
rendered harmless. 'I'hus, for example, poisonous ammonia is con¬ 
verted, in the liver, into harmless urea, wliich passes into tlie blood 
and is later eliminated with the urine. 

Metabolism In cases of over-indulgence in food. When an 
ordinary, normal amount of food is taken into the body, the weight 
of the body remains unchanged; in other words, tlie amount of 
material that enters the organism is equal to tlie amount that is 
eliminated from it. 

With an increased amount of food, a part of the excess nutri¬ 
tive material absorbed is very quickly destroyed and is excreted 
from the organism, while a part remains and is stored in the form 
of fat. In sucli a case the body gains weight. 

Obesity, which is often the result of over-eating, is harmful. 
Obesity weakens the activity of the organism, interferes with the 
work of the heart and of other important organs, destroys correct and 
regular metabolism, and is sometimes the cause of serious illnesses. 

Metabolism in cases of starvation. With an insufficient supply 
of food, a person may lose more material than he obtains from 
the surrounding medium. The loss of weight which follows insuf¬ 
ficient nutrition shows that the organism is living at the expense 
of its own stores. If a person loses from SO*/, to 40Vo of his 
original weight, death from hunger results. 

A certain scientist made an ^experiment with two cats of the 
same weight, age and sex. Both" cats received .the same amount 
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of food for a certain length of time. Then one of them was killed, 
while the other was deprived of all food; after thirteen days it 
died of hunger. On weigliing the different organs, it was found 
that several organs and tissues of the starved cat weighed much 
less than those of tlie cat that had not been starved; the weight 
of the muscles was about one-third of that of the other cat’s, while 
the liver weighed lialf as much; the fatty tissue had almost entirely 
disappeared, lliose organs that are most important for life, es¬ 
pecially the central nervous system and the heart, remained prac¬ 
tically unaltered in weight. 

This experiment shows that in cases of starvation which con¬ 
tinues for a long time, the organism feeds, so to say, upon itself: 
in order to maintain the activity of the most important organs — 
the heart and the nervous system — tlie organism lives upon those 
substances which enter into the composition of the cells of other 
organs that are less important for life (for example, the muscles). 

The metabolism of water and salts. Water and mineral matter 
(inorganic salts) are as necessary constituents of food as proteins, 
fats and carbo-hydrates. 

The maintenance of a normal water content in the organism 
is of great importance to the vital activity of the cells. Experi¬ 
ments performed with pigeons showed that a loss of IP/o of water 
gave rise to certain disease symptoms in the bird, while a loss 
of 2:^Vo brought about death. 

A person eliminates at least two litres of water daily by evap¬ 
oration through the skin and through the lungs, and also with the 
urine and faeces. 

In an ordinary diet, one gets a sufficient supply of mineral 
matter (especially of compounds of sodium, potassium, magnesium, 
calcium and iron), which are absolutely necessary for the organism. 
However, there is an insufficient amount of sodium chloride in 
food, especially in vegetable foods. 

In certain diseases, the metabolism of the salts in the organ¬ 
ism breaks down. Thus, in cases of anaemia, the content, in the 
organism, of iron, which enters into the composition of the red 
blood corpuscles, is usually lowered. In such cases, the physician 
often prescribes pills containing iron, and advises the patient 
to eat carrots, apples, cabbage, spinach and other foods rich 
in iron. 

The regulation of metabolism. Certain facts concerning the 
influence of the nervous system on metabolism were known before 
Pavlov also. However, it was Pavlov who established firmly 
the scientific theory of the subordination of all the processes of 
metabolism to the nervous system. Such regulation Pavlov called 
trophic, * that is, regulation controlling the nourishment, the vital 
activity and the processes of metabolism of an organ. 


‘ from the Greek word “trophi" — nutrition, nourishment. 
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Destruction of trophic regulation accounts for the formation, 
in a dog, of ulcers on the skin of its extremities, in which all 
the efferent nerve fibres have been removed by means of an 
operation. In a human being, many diseases, connected with some 
disorder in the processes of metabolism, are the result of the 
destruction of trophic regulation. 

The role of the cerebral cortex In regulating metabolism. 
K. M. Bykov and his co-workers, performing experiments on 
animals, as well as on people, have proved that the processes of 
metabolism may change under the influence of conditioned reflexes, 
that is, by the participation of the cortex of the cerebral 
hemispheres. Ihe influence of the cerebral cortex accounts for the 
intensification of the processes of metabolism at the mere thought 
of doing physical work. 


45. Nutrition norms 

The calculation of the energy expended by the human 
organism. In order to establish nutrition norms, it is necessary 
to know how mucli energy is expended by the organism daily, 
l lierc arc several ways of doing that. 

One of these methods is based on the principle that all tlie 
energy expended by the organism is finally turned into heat, in 
wliich form it may be determined and measured in calories.' 

Another method of calculating energy expended is to deter¬ 
mine the amount of oxygen absorbed by tlie organism. It is 
known that for each litre of oxygen absorbed, 5 calories are 
released as a result of the oxidation processes in the organism. 
If a person uses up 20 /. of oxygen in the course of one hour, 
the amount of energy expended will be equivalent to 100 calories. 
The total expenditure of energy a day will be 100X24 = 
= 2400 calories. 

The daily expenditure of energy. The amount of energy 
expended by tlie human organism depends, to a very great extent, 
upon tlie living conditions, the kind of work done and the amount, 
the weight of the body, the state of liealth, and many other 
tilings. 

If a person lay quietly without making any movements whatever, 
he would expend one calorie per hour for each kilogram of his body 
weight. 'I'aking an average weight of 60 to 65 kgs., this would 
make a total of approximately 1 500 calories per day. A person 
who does little physical work and leads a sedentary mode of life, 
expends one and a half times more energy. 


' The amount of heat required to raise i kg. of water 1" centigrade (Cel¬ 
sius) is called a large calorie, or a kilogram-calorie. 
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A person doing- mental work expends only a very little 
additional energy. In physical labour, the greater the number of 
muscles taking part in tlie movement of the body, the greater, in 
general, is the amount of energy expended. In physical work 
requiring an average amount of strain and an active mode of life, 
the expenditure of energy increases 2 —2'/* times, reaching a total 
of 3000 — 3700 calories a day. In the case of very hard physical 
labour, the expenditure of energy may be still higher. 

The impossibility of evaluating work on the basis of the 
energy expended. Scientists and practitioners have repeatedly 
attempted to evaluate the working activity of a person on tlie basis of 
the amount of energy expended, but such'an evaluation is absolutely 
wrong. “Let tliem try,” wrote Engels, “to express any kind of 
skilled labour in kilogram-metres, and let them attempt to deter¬ 
mine wages on that basis!” Engels considered that the result of 
such an attempt “would be mere nonsense.” 

And, indeed, the expenditure of energy is connected mainly 
with muscle work, which is only one side of tlie labour process, 
that is, tlie class-conscious, socially useful activity of a person. 
To express tlie last in calories is impossible. 

The calorie content of proteins, fats and carbo-hydrates. 
When the cells of the body assimilate proteins, fats and carbo-hy¬ 
drates, they obtain from them a store of latent (potential) energy, 
which is released in the process of disassimilation. In order to 
determine the potential energy contained in nutritive material, it 
is necessary to know the amount of energy liberated during their 
oxidation. 

Experiment has proved tliat in the oxidation of one gram of 
fat, approximately 9 calories are released. In the oxidation of 
one gram of protein or carbo-hydrate in our body, about 4 calories 
are given off. 

The calorie content of a diet. 'I'lie calorie content in the diet 
of a person should correspond to tlie amount of energy expended 
by him. The more energy he expends, the more he must receive. 
The daily diet of an adult person who does not perform mucli 
physical labour should contain, on the average, 3 000 — 3 500 calories. 

The composition of a diet. For normal nutrition, it is neces¬ 
sary that the food should contain a sufficient quantity of all three 
types of nutritive material: proteins, fats and carbo-hydrates. 

If a person confined him.self to an exclusively carbo-hydrate 
and fat diet, completely devoid of proteins, he would inevitably 
die. Proteins are those building materials, without which the 
living matter cannot restore its daily losses. 

Children, due to the fact that they are in the process of growth 
and that their weight keeps on increasing, need a greater amount 
of proteins for each kilogram of their body weight than adults. 

The proportion of proteins, fats and carbo-hydrates in a diet 
should be, on the average, more or less constant. Any great chaii- 
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ges in these proportions may lead to serious disorders in the 
organism. An exclusively protein diet, or an abundance of pro¬ 
teins, and also extremely fatty foods are, witliout any doubt 
whatever, harmful to the organism. Under ordinary conditions, 
an adult person must consume, approximately, the following daily 
proportions, in order to obtain 3000 calories: 

proteins.100 jri-ants 

fats.60 , 

carbo-hydrates.500 „ 

In strenuous work tliat requires a great expenditure of energy, 

the diet should be increased, with a proportional rise in the 
amount of each of the nutritive materials: fats, proteins and car¬ 
bo-hydrates. 

Under certain conditions it becomes necessary to increase the 
amount of one or another of the three basic, nutritive materials in 
the diet. Thus, people in the far North feel an increased need for 
fats during severe frosts. 

The degrees of ease with which foods are assimilated. Tlie 
nutritive value of food depends not only upon its composition, but 
also upon the ease with which the nutritive material contained 
in the food is assimilated by the organism. The various kinds of 
proteins are not assimilated witli tlie same degree of ease. In 
general, proteins of animal origin are utilized by the organism 
far more completely than proteins of vegetable origin. This is 
due to the following facts: firstly, proteins of vegetable origin 
are less easily digested, because they are contained in cells that 
have a thick covering of cellulose upon which the ferments do 
not act; .secondly, proteins of animal origin are closer in compo¬ 
sition to the composition of tlie proteins of the human body. 
Therefore, about half of the proteins composing a person’s diet 
should be taken from foods of animal origin. 

The ease with which foods are assimilated depends, to a great 
extent, upon the method of preparing them; thus, for example, 
mashed potatoes are assimilated more easily than boiled potatoes; 
while boiled potatoes are assimilated more easily than fried potatoes. 

Approximately 90*/u of the food taken into the body is assimi¬ 
lated. This should be taken into consideration when composing 
a diet, the calorie content of which should always be increased 
about lOVo- 


46. Vitamins 

The importance of vitamins. The organism needs not only 
proteins, fats, carbo-hydrates and salts, but also some other sub¬ 
stances, called vitamins. Neither man nor animals can exist with¬ 
out vitamins. 
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An insufficient amount of vitamins leads to a siiarp decline 
in the activity of the organism: metabolism breaks down, the 
labour capacity is diminished, fatigue rapidly sets in, there is 
a general weakening of the whole organism, and such serious 
diseases as rickets, scurvy, and others appear. 

The properties of vitamins. Tlie cliemical structure of vita¬ 
mins remained unknown for a long time, because even those foods 
that are most rich in vitamins contain them in very minute 
quantities. Moreover, the majority of vitamins are unstable substan¬ 
ces. Many vitamins decompose eitlier partially or completely 
when subjected to a high temperature or to the action of the 
sun’s rays, or simply when kept for a long time. 

However, during the last few years, research workers have 
succeeded in obtaining many vitamins in the pure state, and thus 
it has become possible to study tlieir composition and properties. 
It has been determined tliat ferments and otlier important substances, 
which are very important for the maintenance of normal metabolism, 
are produced out of some vitamins in the organism. 

Vitamins are produced in plants. The vitamins of plant food 
that are taken into the organism of an animal are stored up in small 
quantities in the various organs. The content of many of the vitamins 
found in foods of animal origin depends, to a great extent, 
upon the food tlie animal eats. Milk in summer is much richer 
in vitamins than milk in winter, because the cow feeds on fre.sh 
forage, while in winter it is fed on hay, wliich contains a smaller 
proportion of vitamins. 

The different kinds of vitamins are designated by letters of 
the Latin alphabet. 

Vitamin C. Many centuries ago it was known that epidemics 
of scurvy usually broke out in times of famine and also of war, 
especially among the populations of beseiged towns. Scurvy is a 
noxious disease. The symptoms are, first, a general weakness, 
fatigue, pain in the legs. Then gradually appear more serious 
symptoms of the disease: the gums begin to bleed; at first there 
are hemorrhages of a mild form in the skin, in the muscles and 
in the internal organs, then the hemorrhages become more severe; 
the blood-producing function of the bone marrow is destroyed, 
and a severe form of anaemia develops. However, patients quickly 
recover as soon as there is a possibility to add fresh vegetables 
and fruits to the diet. 

The healing action of fresh vegetables and fruits depends on 
the content in them of vitamin C, which is found chiefly in 
living plant cells. Vitamin C is especially abundant in tomatoes, 
in the berries of sweet briar, in scallions, cabbage, spinach, black 
currants, oranges, lemons, tangerines, strawberries, gooseberries, 
raspberries, and several kinds of apples. 

Vitamin C is the least stable of all the known vitamins. As a 
rule, vitamin C is partially or completely destroyed in foods 
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that arc dried or tinned, or in foods that are kept for a long 
time. 

The human organism needs 0,1 gram of vitamin C a day. 

Vitamin A. The lack of vitamin A, or an insufficient amount 
of it, in food, affects the sight, and causes a serious eye disease, 
which may result in blindness; changes take place in tlie epithe¬ 
lial tissues, for example, in the skin and in the mucous membranes, 
which make the organism more .susceptible to contagious diseases 
and very sensitive to any kind of injury; in children, stunted 
growth is the result of the lack of vitamin A. 

Cod liver oil contains more vitamin A than anything else; 
liver, butter, the yolk of an egg, are rich in vitamin A; the fol¬ 
lowing plant foods are also ricli in it: carrots, spinach, sorrel, 
scallions, red peppers, etc. I'o be more exact, plants do not contain 
vitamin A, but a substance that is similar to it, out of which 
vitamin A is produced in the animal organism. 

An adult person sliould get about .5 mg. of vitamin A daily. 

Vitamins of group B. What was formerly known as vitamin B 
was really a mixture of vitamins, some of wliicli have been 
thoroughly investigated. Vitamins of group B are found in the 
seeds of grains and in the fruit of leguminous plants, in hazel 
nuts, and also in cabbage, potatoes, spinacli, carrots, prunes and 
raisins. They are very abundant in barm. Of animal foods, tlie 
yolk of egg, caviar, liver, kidneys, lieart, ham, milk are compar¬ 
atively ricii in vitamin B. 

Some of the vitamins of group B serve as a source for tlie 
formation, in tlie organism, of certain ferments, wfiich facilitate 
the normal functioning of the complex processes of metabolism. 

The lack of vitamins in food, or an insufficient amount of 
them, brings about a serious breakdown in these processes. 

In countries where tfie cliief food of the population is rice, 
a certain disease by tiie name of beri-beri lias long been known; 
(translated into English, beri-beri means “foot fetters"). This 
disease brings about weakness in the muscles, paralysis, and an 
extremely emaciated condition, of which the person suffering 
from the di.sease finally dies. 'I’he cause of the disease is the 
lack of one of the vitamins of group B, which is found only in 
the embryonic part of the seed of most grains. In polished grains 
(for example, rice), the embryo, rich in vitamins, is removed 
together with the covering and, as a result, a product is obtained 
that is well-polislied, but devoid of any vitamin. 

In our country there are only rare cases of beri-beri. However, any 
signs of fatigue, loss of appetite, a tendency to constipation and 
muscle weakness, show that there is a lack of this vitamin in the diet. 

Retarded and stunted growth, certain eye diseases, the fre¬ 
quent appearance of breaks in the skin, disorders in the activity 
of the nervous system — all these are often caused by the lack 
of this or that vitamin of group B in the diet. 
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Problems. 1. Using the tables at the back of tlie book, make a list in your 
copy-book of foods from your own diet that are the chief sources of vitamin A, 
vitamins of group B and vitamin C (three for each). 

2. Using the tables at the back of the book that give the composition of 
foods, make up an average daily diet for yourself or for a worker of some defi¬ 
nite profession, ('alculate the amount of proteins, fats and carbo-hydrates and 
calories in tlie diet you have composed; calculate separately the amount of 
proteins of animal and of vegetable origin. Give a detailed evaluation of the 
diet you have made up, and answer the following questions: a) Is there a suf¬ 
ficient amount of calories in the diet? (In order to answer this question, you 
must take into consideration the mode of life of the per.son for whom you have 
composed the diet, and the kind of work he does), b) Is tlierc a sufficient pro¬ 
tein, fat and carbo-hydrate content in the diet? c) Does it contain enough pro¬ 
teins of animal origin? d) Which of the foods that make up the diet are most 
rich in vitamins? Is there an insufficient amount of any of the vitamins in 
the diet? 


47. The hygiene of nutrition 

The importance of variety in food. The more appetizing and 
attractive the food, the more readily it is digested and assimi¬ 
lated. A varied diet is of great importance. One quickly tires of 
a monotonous diet, whicli fails to stimulate tlie appetite; as a 
result, the food is less easily digested. If the food is varied, there 
is pleasure in eating it; it is digested more easily and is, tlierefore, 
of greater use. 

Moreover, if tiie food is monotonous, it is difficult to provide 
for the necessary proportions, in tlie diet, of all tlie nutritive 
materials and, especially, of vitamins. 

Regimen of meals. Regular hours for one’s meals are of prime 
importance. It is a very bad habit to eat the whole day’s ration 
at one time; meals should be taken several times a day, approxi¬ 
mately every four hours. In the intervals between meals, the food 
that is in the stomach passes into the intestinal canal, the stom¬ 
ach becomes empty, and the new supply of food that enters it 
is easily and quickly digested. 

Adults, and also pupils of the upper grades at school, should 
eat four times a day. Two variants are suggested: 1) breakfast, 
lunch, dinner, supper; 2) breakfast, dinner, a light meal between 
dinner and supper, supper. The hours for taking one’s meals may 
be arranged in accordance with the conditions of one’s work, but 
once arranged, they should be strictly observed; moreover, supper 
sliould be taken at least one or two hours before going to bed. 

The most hearty meal should be dinner, which should con¬ 
sist of about half of the whole daily ration of food. About 
one-fourth of the daily ration should be eaten in the morning, 
after getting up, before the working day begins. The last quarter 
is divided up between the two remaining meals. 

Cleanliness.’ Cleanliness should be carefully observed during 
a meal. If this is not done, dirt and the microbes that dirt holds 
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easily find their way with the food into the digestive organs, 
and are the cause of such noxious and dangerous diseases as 
typhoid, cholera and others. 

Therefore, it is necessary to wash one’s hands before each 
meal, and to see to it that the pots and pans and dishes are 
clean. Fruits and vegetables should be washed. One should drink 
only boiled water, or water that has been disinfected in some 
other way. 

REVIEW QUESTIONS 

1. Explain the process of metabolism and the transformation of energy in 
the human organism. 

2. What is the role o‘ the liver in metabolism? 

3. How docs metabolism change with over-indulgence in food and in cases 
of starvation? 

4. How arc the processes of metabolism regulated? 

5. What is a calorie? How many calories docs the oxidation of one gram 
each of protein, fat and carbo-hydrate produce in our bodies? 

6. What is the daily expenditure of energy of people engaged in different 
activities? 

7. What is the average daily requirement of proteins, fats and carbo-hydrates 
of the organism? 

8. What arc vitamins, of what importance are they in the organism, 
and what arc the consequences of the lack of vitamins A, B and C in food? 

9. What roles do ferments and vitamins play in metabolism? 

10. What are the most important rules of the hygiene of nutrition? 


VII. THE EXCRETORY ORGANS 

48. The importance of the processes of excretion (elimination) 

The end products of metabolism. Metabolism goes on contin¬ 
uously in each cell. The different compounds formed in the 
process of metabolism are finally converted into end products, 
which do not undergo any further changes in the organism. 

Carbo-hydrates and fats consist of carbon, hydrogen and oxy¬ 
gen. As a result of their complete oxidation, carbon dioxide and 
water are formed in the organism, that is, the same substances 
that are formed during the simple combustion of carbo-hydrates 
and fats in the air. 

Proteins are very complex in structure. In addition to carbon, 
hydrogen and oxygen, all proteins contain nitrogen, sulphur and, 
frequently, phosphorus and certain other elements. After the 
decomposition and oxidation of proteins have taken place in the 
organism, substances containing nitrogen (chiefly urea and uric acid), 
scuts of sulphuric acid and of phosphoric acid, and some other 
compounds, are formed, besides carbon dioxide and water. 

The waste products that accumulate in the cell have an inju¬ 
rious effect _upon it. Their timely elimination is a necessary con- 
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dltion for the normal life activity of the organism. The cell 
eliminates the waste products into the medium surrounding it, 
that is, into the lymph of the tissues. From the lymph they pass 
into the blood. 

The ways in which the products of metabolism are elimi¬ 
nated. The products of metabolism that accumulate in the blood 
are gradually discharged outside the organism. 

In the human being, this is done chiefly through the urinary 
organs, which are special organs of excretion. 

However, a part of the products of metabolism are elimina¬ 
ted also by other organs. Carbon is eliminated through the 
lungs', moreover, exhaled air is always saturated with watery 
vapours; about 400 gr. of water pass out through the lungs 
each day. 

A large quantity of water is given off through the skin in 
the form of perspiration. Salts and a very small amount of the 
organic products of the metabolism of proteins are given off 
through the skin, together with the water. 

The work of the excretory organs prevents tlie products of 
metabolism from accumulating in the organism, and at the same 
time helps to keep the composition of tlie blood constant. 


49. The structure and work of the urinary organs 

The structure of the kidneys. The kidneys (Fig. 92) are loca¬ 
ted at the back of the abdominal cavity, one on each side of the 
spinal column. They produce urine. 

The kidney has two layers; an outer dark layer, and an inner 
light one. If we examine the outer layer with a magnifying 
glass, a great mass of dark little dots may be seen. These 
are little bunches of capillaries, called glomeruli, which lie 
in little cavities called capsules. Fine little channels (tubules), 
which have their origin in the capsules, extend to the inner layer, 
and from there return to the outer layer. These little tubules unite 
with one another to form wider ducts, which pass through the 
inner layer of the kidney, and terminate in a cavity called the 
pelvis of the kidney (see coloured plate IV). 

The formation of urine. Urine consists of water, holding in 
solution inorganic salts, urea, uric acid, and a number of other 
products of metabolism. 

Some scientists considered the kidneys to be kinds of simple 
filters, and compared the process of urine formation witli the 
process of filtration or diffusion. However, the process of urine 
formation was found to be much more complex than either 
filtration or diffusion, because it is connected with the activity 
of living cells. 


153 



As seen in table 2, some substances found in the blood - namely. 


proteins and sugars—are completely 



92. lixcrolory organs: 

1 — rijflit kidney (as seen from the outsidt): left 
kidney (longitudinal section); // — blood vessels; 

4 — outer layer of the kidney; .■> — inner layer of 
the kidney; 6 pelvis of the kidney; 7 — uterus; 
r? — urinary bladder with a part of its wall cut out 
so as to expose the opening of the ureter (^))\ JO — 
suprarenal j^iands. 

other substances, among them most 
re-absorbed, as a result of which the 


lacking in urine. The sodium 
content in both fluids — blood 
and urine is nearly the 
same. Other substances are 
found in larger proportions in 
the urine than in the blood; 
however, the content of each 
of these substances in the 
blood and in the urine is 
definitely proportioned. 

It must be added that some 
substances introduced into the 
blood (methylen-blue, for in¬ 
stance) pass completely into 
tlie urine in a rather short time. 

All this shows us how ex¬ 
tremely complicated is the ac¬ 
tivity of tl)e kidneys, which 
has not yet been thoroughly 
investigated up to the pres¬ 
ent time. 

The process of urine for¬ 
mation begins in the glome¬ 
ruli. Here the liquid part of 
the blood filters through the 
capillaries into the capsules. 
From the cap.sules, the liquid 
passes into the little tubules, 
where it undergoes consider¬ 
able changes. All of the sugar 
contained in the liquid is ab¬ 
sorbed by the epithelial cells 
of the tubules and passes back 
again into the blood. Several 
of the water, are also partially 
liquid in the tubules becomes 
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Substances contained in the blood 

The content of the same substances 
in the urine 

Proteins 

none 

Suf^ar 

none 

Sodium 

the same amount 

Potassium 

7 times more 

Uric acid 

12 times more 

Urea 

65 times more 

Sulphates 

90 times more 
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more concentrated. At the same time, a reverse phenomenon may 
be observed — the elimination of some of the substances from 
the blood into the tubules. 

In its passage through the tubules, the liquid gradually changes 
in composition and concentration and is converted into urine. 

The regulation of the formation of urine. The fact that cer¬ 
tain substances found in the blood influence the formation of 
urine was known long ago. Some of these substances intensify 
the process of urine formation, while others weaken it. In addi¬ 
tion to humoral regulation, there is also nerve regulation of 
the functioning of the kidneys. Nerve regulation can be easily 
studied by using the fistula method worked out by Pavlov (the 
method by which the ureter is conducted to the exterior of the body). 

Bykov’s work on dogs, with fistulae applied to their ureters, has 
proved tliat the activity of the kidneys is directed by the cortex 
of the cerebral hemispheres, and that it is possible to build up 
a conditioned reflex change in urine formation. It is well known 
tliat when water is introduced into the stomach, the urine forma¬ 
tion is intensified reflexly. If this experiment (namely, the intro¬ 
duction of water into tlie stomach), is repeated many times, it 
will be found that the preparations alone, before performing the ex¬ 
periment, are sufficient to bring about a conditioned reflex increase 
in the activity of the kidneys. Bykov succeeded in building up 
urine secretion reflexes in response to various conditioned stimuli. 

Urine excretion. The urine that is formed passes into the 
pelvis of the kidney, and from there into a long tube — the ure¬ 
ter, which unites the kidney with the urinary bladder. 

In the wall of the ureter there are smooth muscle fibres, the 
contraction of which lielps to move the urine onward. 

The urinary bladder is situated in the lower part of the abdominal 
cavity. It has a thick muscle wall, during the contractions of which 
the bladder may be compressed and greatly dilated when filled with 
urine. In the lower part of the bladder there is a circular muscle 
which closes up the outlet of the bladder. I he urine is expelled out¬ 
side the body through the urethra. During urination, this circular 
muscle relaxes, while the muscles in the walls of the bladder, on 
tlie contrary, contract, thus driving out the urine to the exterior. 

Urine excretion and, in particular, the act of urination, is regu¬ 
lated by the nervous system. The ability to urinate at will is due 
to the influence exerted by the cortex of the cerebral hemi¬ 
spheres. 

REVIEW QUESTIONS 

1. Enumerate the products of the decomposition and oxidation of fats, car¬ 
bo-hydrates and proteins. Of what importance is their elimination from the or¬ 
ganism and how does elimination take place? 

2. What is the structure of the kidneys? 

3. Explain the process of urine formation. 

4. How is the activity of tlie kidneys regulated? 
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Vin. THE SKIN 


50. The structure of the skin 



The epidermis. The skin covers the outer surface of the body 
and protects the tissues of the organism from any external in¬ 
fluence (Fig. 93). 

The upper layer of the skin is called the epidermis, and is 
composed of many-layered (stratified) epithelium. In the deepest 
basal layer of the epidermis there is a single row of flat cells, 

packed close together; these 
cells grow and multiply un¬ 
ceasingly. The young cells, 
produced by the division 
of the cells in the basal cell 
layer, gradually spread over 
the old layer, replacing it, 
and pushing the old detach¬ 
ed cells out to the sur¬ 
face. 

There are no blood ves¬ 
sels in the upper part of 
tlie epidermis. Blood ves¬ 
sels extend only to the 
basal cell layer, the cells 
of which easily get oxy¬ 
gen and nutritive material 
from the blood. The cells 
of all the other layers, and 
especially of the top layers 
of the epidermis, gradually 
degenerate and die. In this process of degeneration, the cells 
adhere closely to one another and are converted into a compact 
horny substance, which is constantly being shed from the surface 
of the skin in the form of white scales or flakes. Such flakes are 
most easily seen when they stick to the hair, — this is what every¬ 
body knows as dandruff. 

The colour of the skin depends on the presence, in the cells 
of the epidermis, of a special colouring material —sAm pigment. 

True skin, or the dermis. The thicker central layer of the skin 
is known as true skin, or the dermis. The dermis consists of con¬ 
nective tissue, containing a great number of firm elastic fibres 
which give firmness and flexibility to the skin, so that it stretches 
easily with the movements of the body, and covers the whole 
body evenly and smoothly. 

Ihe dermis is richly supplied with blood and lymph vessels. 
The endings of the nerves, the roots of the hair, the sebaceous, 

I5() 


Fig. 93. Diagram of ihc skin structure: 

/—epidomiis: //—-dermis; ///—subcutaneous fjitty 
tissue: 1 — liorny layer of the epidermis; 2 — basal 
layer of cells of the epidermis; 3 — veins; 4 — arte- 
nes; .5 — sensory nerve endings; sweat gland; 
7 - a liair; (V — sebticeous or oil gland; 9 —a smooth 
muscle that raises the hair; 70— aggregations of fat cells. 



or oil glands, and the sweat glands are also situated in the 
dermis. 

The sebaceous, or oil glands. A sebaceous, or oil gland, resem¬ 
bling a small, sometimes branched sac, secretes oil, which forms 
a thin layer on the skin and the hair, thus keeping them soft to 
the toucli and impermeable to liquids. Usually, as seen in figure 
93, tlie ducts of the oil glands empty into the hair follicles. 

Thin little bunches of smooth muscle fibres, situated near the 
oil glands and the liair follicles, contract and squeeze the oil out 
of the glands, thus raising the hair; 
then we say the hair “stands on end.” 

The sweat glands. A sweat gland 
has tiie appearance of a little tube 
coiled up in a knot; the cells of the 
sweat gland secrete sweat (perspira¬ 
tion). There are about two to three 
million sweat glands in the skin of 
a human being. 'I'he amount of sweat 
secreted is regulated by tlie nervous 
system. An example of this is the pro¬ 
fuse sweat secretion that occurs re- 
flexly when one takes a drink of water 
on a hot day; another example is the 
“cold sweat” that breaks out on the 
forehead when one is greatly frightened. 

Perspiration consists of water, holding in solution a small 
amount of urea and a few other products of metabolism; its salty 
taste is due to the presence of inorganic salts, especially of so¬ 
dium chloride. 

Subcutaneous fatty tissue. The lower layer of the skin cover¬ 
ing is called the subcutaneous fatty tissue; it is several centi¬ 
metres thick in some parts of the body. 

The subcutaneous fatty tissue consists of cells that seize upon 
droplets of fat and store them in great quantity, so that they be¬ 
come almost completely filled up with fat (Fig. 94). This layer of 
the skin protects the internal organs against injury and minimizes 
the heat losses from the body. At the same time, it is the special 
place, in the organism, for the accumulation of stores of fat. 



Fig. 91. Fatty tissue; 

/ - fat cells; 2 — acciimtilallon of fat 
within the cells. 


51. The importance of the skin 

The permeability of the skin. I'he compact horny layer of 
the epidermis is saturated with skin oil and is impermeable to 
water and to the substances which the water holds in solution. 
Only a very few substances, dissolving the oil of the skin, may 
be absorbed in small quantities througli the skin. Among these is 
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aniline, used in the textile industry and in some other industries. 
When aniline comes in contact with the skin, it is absorbed by 
the skin and causes a severe case of poisoning. In the Soviet 
Union, therefore, the processes connected with the application of 
aniline liave been mechanized, and a wliole series of measures have 
been taken to safeguard workers against aniline poisoning. 

The protection of the organism against injury. The compact 
layer of dead liorny cells of the epidermis protects the layer of 
living cells under it; these living cells would be injured at the 
slightest contact with them, if they were situated on the surface 
of the body. On those parts of the skin that are subjected to great¬ 
er irritation, — the soles of the feet, for instance, the horny layer 
of the skin may become very thick. 

Callosities are thickened parts of the skin, especially of its 
horny layer, which have been subjected to constant rubbing or 
friction. Callosities are usually formed on those parts of the palm, 
which, in physical work, are liable to the greatest friction. Corns 
on the toes are the result of tight or poorly fitting shoes that 
constantly rub and irritate the toes. 

The skin, with its subcutaneous fatty tissue, forms a thick, 
elastic layer, which receives the first .shock of a blow or knock, 
and in that way protects the organs of the body. 

Protection against the rays of the sun. The energy of the 
sun’s rays stimulates the living cells and increases their activity. 
However, too great an exposure to the action of the sun’s rays 
may interfere with tlie normal activity of the cells and even 
destroy them. The action of the invisible ultra-vwlet rays, which 
cause sunburn so easily, is especially strong. 

The rays of the sun tliat reach the cells of the basal cell layer 
of the epidermis irritate them, thus forcing them to grow and to 
multiply more quickly. As a result, the epidermis becomes thick¬ 
er and can hold the rays more easily, especially the ultra-violet 
rays, which penetrate the layer of horny cells with difficulty; 
the cells of the epidermis become rich in pigment, and the per¬ 
son is covered with a coat of tan, which also prevents the sun’s 
rays from penetrating the skin, and thus protects the organism 
against the too strong action of the sun. 

The stronger the action of the sun’s rays on the skin, and the 
more prolonged the exposure of the skin to their action, the more 
tanned the skin becomes, and the thicker becomes the layer of 
horny cells in the skin. 

Thus, sunburn and the thickening of the epidermis are defence 
reactions of the organism in response to the excessive action of 
the rays of the sun. 

The excretion of the products of metabolism. In some ani¬ 
mals — in the frog, for instance, a great part of the products of 
metabolism is excreted through the skin. In the human being, 
excretion through the skin goes on to a very slight extent, and 
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does not play an important role. It is sufficient to say that about 
95V« of nitrogen in the form of urea, uric acid and other waste 
products is excreted through the kidneys, and only 5% through 
the sweat glands of the skin. 

However, under certain conditions, especially when there is any 
disorder of the kidneys, the sweat may contain a much greater 
amount of the products of metabolism; thus, tiie sweat may per¬ 
form the work of the kidneys that are not functioning properly. 
In such cases, the sweat acquires the smell peculiar to urine, and 
crystals of urea and of uric acid are deposited on the skin, as a 
result of the evaporation of sweat. 

The maintenance of a constant temperature in the body. 
The temperature of the body of a liealtliy person is about 37°, 
and remains at tiiat level at all times of the year and in all kinds 
of weather. 

Heat is continually being produced in the body. An especially 
great amount of heat is produced by strenuous work of the 
muscles. The reason our bodies do not get over-heated is due to the 
fact that the loss of heat from the surface of the body goes on as 
continuously as the generation of heat in the body. The skin, 
which is in contact with the surrounding air, gives up heat to it, 
just as the surface of a heated stove gives up heat to the air — 
that is, by means of conduction and radiation. 

The significance of the dilation and constriction of the 
capillaries in the skin. The skin is richly supplied with blood 
vessels. When the temperature of the air rises, the vessels of tlie 
skin dilate and fill up with a greater quantity of blood. The blood 
that rushes to the skin heats it up, and the" heat is given off to 
the air through the epidermis much more quickly than under or¬ 
dinary circumstances, when the vessels are not dilated. 

The same thing occurs with muscle work, when it becomes 
necessary for the body to liberate more heat: the vessels in tlie 
skin dilate, the flow of blood is intensified, and a greater amount 
of heat is given off. 

Conversely, when the temperature of the surrounding air falls, 
the vessels are constricted, and the heat loss through the skin is 
diminished. 

Moist air is a better conductor of heat than dry air. There¬ 
fore, in cold, damp weatlier, the heat loss may be very great and 
the body may become greatly chilled in spite of the constriction 
of the blood vessels in the skin. 

The dilation and the constriction of tlie blood vessels are con¬ 
trolled by the nervous system. The use of alcohol deadens the 
nerves that constrict the vessels, and the latter remain dilated 
and the skin hot even when the temperature of the air is low; 
in other words, the normal regulation of heat loss is destroyed. 
This explains why a drunkard usually does not feel the cold: he 
walks about on a cold day with his coat unbuttoned, and falls 
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asleep untroubled in a frost. As a result of the 'intensified liber¬ 
ation of heat from his hot skin, the temperature of the drunk¬ 
ard’s body is lowered, sometimes even several degrees, wliich may 
cause death. 'I'hus, the belief that alcoliol heats up the body is 
founded on self-deception. 

The significance of sweat excretion. In hot weather, and also 
when working in hot workshops, where the temperature of the air 
is higlier than that of the body, the dilation of the vessels in the 
skin cannot increase tlie heat loss: the extremely liot air does not 
cool off the skin, but, on the contrary, heats it up still more. In 
sucli cases, there is an intensified flow of sweat, which is evapor¬ 
ated from the surface of tlie body, thus preventing the organism 
from the danger of becoming over-heated. 

The potential heat of vapourization is very great. 'I'herefore, 
in evaporating, the sweat absorbs very much heat from the sur¬ 
face of the skin. As a result, the temperature of tlie body does not 
rise even when tlie temperature of the air is 40° or 50° above zero. 

There is profuse sweat excretion, not only when the tempera¬ 
ture of the surrounding air is high, but also when strenuous mus¬ 
cular work is performed. 

The elimination of sweat is greatly diminished in cold weather 
and when the body is in a quiet state. 

'I lie changes in sweat excretion, brouglit about by the action 
of heat or cold on the skin, and also after taking a drink of water, 
are unconditioned reflexes. As an example of the influence of 
the cortex of the cerebral hemispheres, we may take the copious 
sweat secretion when one is frightened (“cold sweat’’); another exam¬ 
ple is the intensification of sweat secretion as tlie result of a con¬ 
ditioned reflex when water is merely brouglit close up to the mouth. 

'I'he rate of sweat evaporation and, consequently, the magni¬ 
tude of the heat loss, depend upon the temperature of the air, its 
motion, and the amount of moisture it contains. 'I'he warmer and 
dryer the air, the more quickly the sweat evaporates. On a windy 
day there is considerable sweat evaporation even if the air is 
moist. If there is no wind and the air is saturated with watery 
vapours, there is no sweat evaporation. I'liis explains why it is so 
difficult to remain in a highly heated bath-house for a long time. 

The over-heating and cooling off of the organism. Great as 
may be the ability of the organism to regulate the heat loss 
through the skin, still it has its limits. 

When there is no wind, and the air is very hot and moist, the 
heat loss is greatly diminished; as a result, the body may become 
over-heated, and we say that the person has a heat stroke, which 
may cause death. 

The chief symptoms of a heat stroke are: severe headache, 
nausea, and in more serious cases — loss of consciousness, con¬ 
vulsions. A patient suffering from a heat stroke should be carried 
at once to a cool spot, and some ice, or a towel soaked in cold 
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water, put on his liead; he should be fanned, so tliat the movement 
of the air migiit increase the evaporation of sweat; lie should then 
be given plenty of cold or hot water to drink, in order to inten¬ 
sify the sweat excretion. 

In cold, raw weather, tlie body may be chilled to such an 
extent that tlie organism is weakened and thus becomes more 
susceptible to disease. The organism may be weakened also by 
allowing separate organs of the body, especially the feet, to become 
chilled and to remain cliilled for a long time. To walk about in 
wet shoes, or to go barefoot in cold weather when unaccustomed 
to it, are dangerous things to do, because the grippe, 
quinsy and even pneumonia may tiien be easily contracted. 

Freezing. If the organs -- especially those furthest away from 
the heart and so least of all supplied with blood — become cold, 
freezing may set in. 

There are three stages of freezing: in tiie first stage, the fro¬ 
zen part of tile body turns a dead white at first, and then be¬ 
comes red and swollen. In tlie second stage, blisters are formed. 
In the third stage, blood circulation ceases, whicli results in mor¬ 
tification of the tissues; in such a case the skin turns black. 

In the first stage of freezing, the first thing to do is to re¬ 
store tlie circulation and bring about a flow of blood to the in¬ 
jured organ; this is achieved by energetic rubbing (best of all, 
with snow). In cases of more severe forms of freezing (the second 
and third stages) one must apply to a doctor. 

Burns. In case of a slight burn, the burned part of the skin 
only becomes red. If tlie burn is more serious, the top layer of 
the skin peels off and a blister, filled with a light-coloured liquid, 
is formed. \ ery severe liurns (of the tliird degree) result in mor¬ 
tification of the tissue. 

There is danger in any kind of a burn that extends over a 
large part of the surface of the skin, because, firstly, all the nec¬ 
essary life functions of that large portion of the skin are destroy¬ 
ed, and, secondly, the organism becomes poisoned with the pro¬ 
ducts of the decomposition and disintegration of the injured cells. 

Tlie skin may be burned not only by the action of heat, but 
also by the action of certain chemical substances (for example, 
sulphuric, hydrochloric, nitric and other strong acids, and 
caustic alkali), and also by such poisonous substances as mustard gas, 
lewisite and others, used in war. 

QttesHons. 1. In what way may the heat loss be increased, if: a) the sur¬ 
rounding air is dry and its tctnperaiure is lower than that of tlie body? b) the 
air is saturated with watery vapours, and its temperature, as before, is lower 
than that of tlie body? c) the air is dry, but its temperature is higher than that 
of the body? d) tlie air is saturated with watery vapours and its temperature 
is higher than that of the body? 

2. In which of the cases enumerated above is heat loss impossible by 
means of sweat evaporation, and in wliich cases is it impossible by means of 
the conduction of lieat? 


6 A. KafiauoD 


161 



52. The hygiene of the skin 

An unclean skin as the source of spreading disease. The organic 
substances wliich enter into the composition of the oil and per¬ 
spiration of the skin, are readily decomposed; in the process of 
decomposition certain volatile substances arc produced that have 
a very bad odour. Dirt that accumulates on the surface of the skin, 
especially in its numerous folds and creases, clogs up the open¬ 
ings of the (m 1 glands and interferes with the process of sweat 
excretion. 

Different kinds of microbes stick to the skin together with the 
dust particles; the products of decomposition eliminated by the 
skin provide a fertile field for such microbes to feed on and 
grow on. 

The number of bacteria on the skin of people who are not 
clean in their person rises to tremendous proportions — as high 
as 40 thousand to the sq. cm.', on the whole surface of the body, 
with an area of 1,5 sq. m., that would make about 600 million. 
Among these bacteria there are some that are harmless, but there 
are also some that are piogeneous, and during an epidemic there 
are others that serve as the carriers of cholera, typhoid, 
dysentery. 

If cleanliness of one’s skin and of one’s clothing is not ob¬ 
served, parasites of various kinds make their appearance on the body. 
Some of them may be the cause of diseases of one kind or an¬ 
other. Thus, for example, itch-mites may get into the epidermis and, 
by forcing passages there in all directions, bring about a very un¬ 
pleasant disease — the itch. Body-lice, living and multiplying in 
the folds of clothing, may be transferred from a sick person to 
a healthy one, and thus transmit a very serious disease — typhus. 

On an unclean skin may often be found tlie eggs of intestinal 
worms. 

By means of dirty liands, the agents of various contagious 
diseases may be transferred to food, and then get into the organ¬ 
ism together with the food. 

A slovenly person subjects others to danger as well as 
himself. 

Cleanliness of the skin. In order to safeguard one’s own 
health, as well as the health of those around us, it is necessary 
to keep the skin clean at all times. 

One should wash one’s whole body with hot water and soap 
at least once a week; the underclothing, which has absorbed 
the skin excretions, should be changed each time after taking 
a bath. 

I'he face, neck and feet (especially if they are inclined to 
perspire) should be washed every day. Besides, the hands should 
be washed before eacli meal. Dirt collects easily under the nails; 
they should, tlierefore, be cut often. 



The effects of an injured skin. Breaks, sores or ulcers may 
appear on the skin as a result of some injury to it. Certain harm¬ 
ful substances, or what is still more dangerous, disease-producing 
microbes may find their way into the organism through the 
affected part of the skin. 

In all such cases, the organism responds by producing an in¬ 
flammatory reaction. The blood vessels dilate; white corpuscles 
(phagocytes) pour out of them; the skin becomes red, swells a 
little and turns hot; often an abscess is formed. 

When the inflammation begins to disappear, the pus tliat has 
gathered is eliminated. The cells of the connective tissue adjoin¬ 
ing the injured part begin to multiply, and gradually draw the 
wound together. Tlie remains of blood clots and of injured cells 
disintegrate and are devoured by the phagocytes. 'I'he surface of 
the wound is gradually closed up by tlie living and multiplying 
cells of the basal cell layer of the epidermis; over these new cells 
there soon appears a layer of horny cells. 

The clothing. Clothing is a very important factor in the nor¬ 
mal functioning of tlie skin. Clothing helps the organism to main¬ 
tain a constant temperature. 

When it is cold, clothing should diminish the heat loss. There¬ 
fore, the best materials for winter clothing are those that are 
porous (woollen stuffs, furs), since the air in the pores is a poor 
conductor of heat and does not allow much heat to be given up 
from the skin. When there are many layers of clothing with air 
spaces between the layers, the heat is given up more slowly and 
weakly. However, even in cold weather, too mucli clothing should 
not be piled on oneself, for the clothing may become a heavy 
weight for the body and interfere with the free movement of the 
body; besides, too mucli clothing may cause the body to become 
over-heated. 

Conversely, when the temperature of the air is high, tlie cloth¬ 
ing should help the organism to give up its heat. I'herefore, 
summer clothing should be light in weight and as thin as pos¬ 
sible; also, as few layers as possible should be worn in hot 
weather. 

Summer cotton materials should be permeable to air and va¬ 
pours, so that sweat evaporation may be facilitated and, as a result, 
more heat given off. 

Underclothing, whicli comes in direct contact with the skin, 
should absorb the excretions of the skin well, and should be per¬ 
meable to air. Soft material, which will not irritate the skin in any 
way, should be used for underclothing. 

Outer clothing easily soils because of the dust in the air. Dust 
clogs up the pores of the material and thus increases its capacity 
as a heat conductor. Clothing may be kept clean by beating the 
dust out of them, and by brushing them regularly with a stiff 
brush. 
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Underclothing and one’s dress or suit quickly absorb the sweat 
and oil secreted by the skin, or they become covered with the 
scales of the horny cells of the epidermis. Therefore, underclothing 
should be ciianged at least once a week. 

The role of the skin in hardening the organism. The natural 
stimulators ot the skin —air, sun and water, make the skin less 
delicate, more capable of withstanding the changes in temperature, 
and keep it healthy and active. 

Certain products of the metabolism of a healthy skin are increa¬ 
sed in quantity when acted upon by these natural stimulators; 
such products of metabolism are absorbed by the blood and in 
their turn act upon all the organs of the body, and also upon the 
nervous system, increasing their activity. Besides this, the natural 
stimulators irritate the endings of tlio sensory nerves in the skin, 
and intensify the work of tlie body organs reflexly. 

Therefore, air, sun and water liave a beneficial effect upon the 
whole organism in two ways — by humoral regulation (through 
the blood) and by nervous regulation. 

In order to attain perfect health and to increase tlie resistibil¬ 
ity of the organism to various harmful influences, it is very im¬ 
portant to harden oneself from childtiood, and to utilize the nat¬ 
ural stimulators of the skin rationally. 

In summer one should take sun and air baths. In order to 
avoid serious sunburn, one must accustom the skin gradually to 
the action of the sun’s rays, it is a good liabit to go barefoot in 
summer. In the other seasons of the year, one should accustom 
oneself to wear as light clothing as possible. To muffle oneself 
up too much makes one delicate and more susceptible to dis¬ 
ease. 

The utilization of water is very important, and slunild not 
be limited only to bathing in summer. It is very important to 
rub or sponge the body every morning, all the year round, with 
water of room temperature, or to take showers if possible. 

To stay in the water for a long time, or to take long sun baths, 
especially for people who are not accustomed to it, may have a 
harmful effect upon the heart and cause disorders in the nervous 
system. For some people it may be very harmful and dangerous 
to lie in the sun, to take cold showers and to do other things 
which are usually done to perfect the health. Therefore, any attempts 
to harden the organism must be done with the advice of a doctor. 

REVIEW QUESTIONS 

1. Describe the structure of the skin. 

2. What is the protective role of tlie .skin? 

3. What is tlie role of the skin in hardening the organism? 

4. How is the lieal loss regulated througii the skin? 

5. Give the main rules for tlic hygiene of tlie skin. 

6. Wliat are tlie chief things to remember about clotliing? 
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IX. INTERNAL SECRETION 


53. Endocrine, or ductless, glands 

Humoral regulation. Each organ secretes into the blood sub¬ 
stances which can affect the activity of other organs. Thus, all 
the organs, depending upon the work they perform, secrete a larger 
or smaller amount of carbonic acid into the blood, ihe organism 
reacts to any change in the content of carbonic acid in the blood; 
the excitability of the respiratory centre is immediately affected. 



1 2 

I'ig. 1)5. Diagram of tlie structure of the pancreas: 

/ — part of tlie pancreas that .serves a.s an exocrine or^an; 2 — 
part of the pancreas that serves as an cndocritie or^an; j — blood 
vessels. 


It is in this way that chemical, or humoral, regulation of respiration 
takes place. 

The processes of metabolism that go on in the different organs 
vary; therefore, the chemical substances which the organs give up 
to the blood also vary. That is why the separate organs have dif¬ 
ferent roles to perform in chemical interaction. Substances which 
take part in the humoral regulation of the process of digestion 
are absorbed by the blood from the walls of the stomach; the cells 
of the skin secrete, into the blood, certain substances which have 
rather a great influence upon the activity of the nervous system 
and of various organs of the body. 

Hormones. The products of metabolism take part in humoral 
regulation in varying degrees. Some of the products of metabolism 
play such a dominating part in the regulation of the processes 
going on in the organism that their presence in the blood is abso¬ 
lutely essential for the maintenance of life. These substances have 
received the name of hormones.’ 


From the Greek word “hormao', whicli means “I excite’ or “1 arouse.’ 




As a rule, hormones are highly active substances. Although 
their quantity in the blood is insignificant and hardly perceptible, 
they, nevertheless, exert a great influence on the various processes 
which go on in the organism. In this respect, hormones may be 
compared with vitamins. However, there is a basic difference: 
vitamins enter the organism together with the food, while hormones 
are produced within tlie organism itself. Certain vitamins serve as 

_ material for tlie formation of hormones. 

, Adrenaline and acetylcholine are 

' hormones which participate in the hu- 
/ moral regulation of the blood circula- 

T J / tion. Both of these hormones have 

_ 3 thoroughly investigated; not only 

^ has their cliemical formula been deter- 

f mined, but it has become possible to 

/ \ produce tliem in the laboratory by 

/ ^ V \ means of synthesis. It has also become 

/ \ possible to produce other hormones 

1 chemical means. 

/\ However, at the present time, little 

if —6 known as yet about the coniposi- 

1 'U L/ I tion and structure of certain hormones. 

/ \ Secretin, for example, formed in the 

I /X- -^^7 wall of the duodenum and causing 

/ ♦ # \ the secretion of pancreatic juice, is 

I \ one of these hormones. 

Pi™ OR of tt„. .oo, THc exocilne and endocrine (or 

rig. Ud. Location of the most j \ < j o i i 

important endocrine glands; ductless) glands. Such glands as the 

7-pineal body: 2 -pituitary gland Salivary, gastric and sweat glands 

(hypophysis); ^ — thyroid gland; 4— haVC eXCretOrV ClUCtS, tlirOUgil WlllCh 

^''Ti^^a“';eas;7-"araTanf:*"'''‘= the juices, or secretiotis,^ that they 

produce, are eliminated. Gastric and 
intestinal juice are eliminated into the cavity of the alimentary 
canal; perspiration and skin oil are eliminated onto the surface of 
the body. Glands supplied with excretory ducts are called exocrine 
glands (glands of external secretion). 

Glands in which hormones are produced are called endocrine, 
or ductless, glands (glands of internal secretion). These glands 
have no excretory ducts and cliininate the sub.stances they produce 
directly into the blood and lymph. 

We can see, at once, the great difference in structure between 
the endocrine and the exocrine glands, if we examine the pancreas 
under the microscope (Fig. 95). Some parts of this organ are 
supplied with excretory ducts and produce pancreatic juice, which 
passes into the duodenum. Others, called islets, are endocrine glands. 
They have no excretory ducts and are very richly supplied with 


Fig. 96. Location of the most 
important endocrine glands: 

1 — pineal body; 2 — pituitary gland 
(hypophysis); 3 — thyroid gland; 4 — 
thymus gland; 5 — suprarenal glands; 
6 — pancreas; 7 — sex glands. 


From the Latin word “secrctio*, which mean.s “I eliminate*. 


166 




blood vessels. The hormone, insulin, that is produced by the cells 
of these islets, accelerates tiie transformation of grape sugar into 
animal starch, and passes directly into the blood. 

The locations of some of tlie most important endocrine glands 
arc sliown in figure 9(5. 


54. The thyroid gland 

The location and structure of the thyroid gland. One of the 

endocrine glands that lias undergone a most thorough investigation 
is the thyroid gland. It is located in the neck, a little below the 
thyroid cartilage of the larynx (Fig. 97). Groups of cells of this 
gland form vesicles, or alveoli, which, unlike the alveoli of the 
salivary gland, have no excretory ducts. 'I’he i 

space inside the alveoli fills up with a viscid, 
mucus-like fluid, which contains the hormone 
of the thyroid gland. The quantity of this 
hormone found in people varies: in some 
people the tiiyroid gland is over-active; in 
others, its activity is deficient. Observa¬ 
tions of patients with thyroid glands which 
do not function properly, and also experi¬ 
ments made in removing tlie gland from 
animals and in grafting it, have helped to 
clarify tlie role of the thyroid gland in the 
organism. 

Over-activity of the thyroid gland. The 

thyroid gland of some people becomes en¬ 
larged and produces too much hormone, 
riie alveoli become very much dilated due 
to the fluid that accumulates in them, and, g hunwn befng: 

as a result, the gland increases in size. hyoid bone: a-mwdieiobc 

Over-activity of the thyroid gland may of the thyroid giand: a and 
give rise to a serious disease called Zja- pipe; 6 - thyroid cartiuge. 
sedow’s disease. 

In cases of Basedow’s disease, metabolism is greatly intensified. 
The need for oxygen is very much increased even when the patient 
lies quietly. The heart beats are violent and very frequent. The 
patient is always in a highly excited state, reacts very strongly 
to everytliing, is easily irritated, and usually suffers from insomnia. 
Other symptoms of this disease are abnormal protrusion of the 
eye-balls, an increasing weakness of muscle activity and a rapid 
loss of weight, which often leads to a state of complete emaciation. 

Delicient activity of the thyroid gland. One of the constituents 
of the hormone of the thyroid gland is iodine. The slight amount 
of iodine which drinking water and food usually contain is quite 
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sufficient for the normal functioning of the gland. However, in 
some localities, cliiefly in the mountainous regions of the Urals, 
the Caucasus and of Central Asia, the soil and the water and, 
therefore, also the plants, are practically lacking in iodine; as a 
result, people living under such conditions have an insufficient 
amount of iodine in their organism. 

The thyroid gland reacts to this lack of iodine by increasing 
its own activity. I'iie glandular tissue becomes enlarged, and the 
cells produce an increased amount of the mucus-like fluid which 
dilates the alveoli. As a result, a goitre develops, and the weight 
of the gland is increased, sometimes to 4 or 5 kgs. 

In spite of the tremendous enlargement of tlie gland, the amount 
of hormone it produces not only does not go beyond the normal, 
but even falls a little below the normal. However, a goitre, in the 
majority of cases, is not accompanied by any disease symptoms. 

Sometimes there is complete or partial inactivity of the gland. 
This brings about a disease known as mucus oedema, or rriyxoe- 
dema. Children suffering from this disease are stunted in growth. 
The subcutaneous connective tissue swells and begins to degenerate, 
which gives the skin an inflated appearance; the eyes are just 
barely open, the mouth is large and often the tongue hangs out 
of it. The activity of tlie whole organism slows down abnormally: 
the heart beats occur less frequently than in healthy people, the 
temperature of the body is lowered, the work of the digestive 
organs is sluggish. Witli time such cliildren turn into deformed 
idiots, incapable of performing any work. 'I'hey usually do not 
live long, and die when quite young. 

If an adult person suffers from mucus oedema, it does not 
affect his growtti, of course, but all the other plienomena are the 
same as those observed in children. Unnatural obesity also appears, 
the face and body become swollen, higher nervous activity is 
disordered, the person loses all interest in what is going on around 
him, the memory becomes weakened, and the mental activity is 
greatly diminished. 

The removal and grafting of the thyroid gland. The removal 
of the thyroid gland in animals — dogs, for instance, — gives rise 
to the same phenomena as observed in people suffering from mucus 
oedema. The animal becomes dull and sluggish, the body swells 
up, there is a lack of appetite, anaemia begins to develop and the 
whole organism becomes emaciated. If the thyroid gland of young 
animals is removed, retarded growth is an additional feature 
observed (Fig. 98). 

But if only a part of the thyroid gland is left — no matter 
how small that part may be — the symptoms described above 
either do not appear at all, or if they do appear, it is in a very 
mild form. 

These symptoms also disappear if a part of a gland from another 
animal of the same .species, or of a species closely related to it, 
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is grafted in the animal whose gland has been removed. The grafted 
piece of a gland often takes root and continues to fulfil its usual 


functions. Moreover, it makes no difference where the gland is 
grafted — in the place of the removed gland or in some other place. 
Grafting is often done in the 
abdominal cavity. ^ 

Similar improvement may be 
observed by mixing extracts of 
the gland of anotlier animal, or 
pieces of a gland, with tiie food 
given to the animal whose thyroid 
gland has been removed. ^ 

The iiifluence of the thyroid Wf ffl' A 
glaad on development. The hor- i'l Y'-wM’ 

mone of the thyroid gland is one '' | i li | i TOM {'.' Mk- .k, 
of the most important regulating i if f 
agents in the development of 
the organism. When the thyroid U'**-’'-’- 


gland of a tadpole is removed, 
its metamorphosis, that is, its 
transformation into a frog, is 
greatly retarded. On the other 


Fig. 98. Two adult dogs of the same 
litter. The thyroid gland was removed 
from the dog on the left wlnm it was 
three monttis old. 


liand, when a preparation of the 

thyroid gland is added to the water in which the tadpole lives, 
tlie metamorphosis is considerably accelerated. 



Fig. 99. A woman suffering Fig. 100. The same woman 

from Basedow’s disease. after a part of the thyroid 

gland was removed. 


Phenomena which are observed in animals at certain seasons 
(the shedding of the skin by reptiles, or of feathers by birds and 
others) also depend, to a very great extent, upon the hormone of 
the thyroid gland. . : . 




The treatment of diseases of the thyroid gland. When there 
is a lack of activity of the gland in the organism, the hormone 
that is lacking is introduced into the organism. Thus, powders or 
pills, prepared out of the ground-up thyroid glands of animals, are 
prescribed for internal use. But patients must continue taking 
these preparations all their lives, just as the sliort-sigiited person 
must always wear glasses, and the lame person must always use 
crutches. 

Sometimes good results are obtained, although temporary ones, 
by grafting in the patient tlie gland, or a part of the gland, taken 
from a still fresh corpse or from an animal that is most closely 
related to man — the monkey. However, in most cases, the grafted 
gland gradually resolves and disintegrates, and in several months 
symptoms of the disease appear again. 

In cases of over-activity of the thyroid gland, surgeons some¬ 
times remove a part of the gland, and then the disorders, whicli 
arose in the organism because of tlie excessive amount of iiormone, 
disappear (Fig. 99 and 100). 


55. The pituitary gland, or the hypophysis 

The pituitary gland, or the hypophysis, is located on the lower 
surface of the brain, not far from the outlet of the optic, nerves. 

A whole series of hor¬ 
mones, which regulate 

the various processes of 
metabolism, are produced 
in the pituitary gland. 

One of the hormones 
of the pituitary gland 
affects the growth of the 
young organism, and es¬ 
pecially the growth of 

its bones (Fig. 101). De¬ 
ficient activity of the 
pituitary gland is the 
cause of retarded growth 
in children. So great may 
the retardation be that 
such patients, on reach¬ 
ing the adult state, are often not more than 70 or 80 cm. 
in height, which is just half the height of a normal person. 

People of such abnormally small stature are called dwarfs 

(Fig. 102). 

If the pituitary gland is over-active, a reverse phenomenon may 
be observed. 



Fig. 101. Two dogs of the same litter; the 
pituitary gland was removed from Ihe dog on 
the left. 
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The child begins to grow abnormally fast and assumes giant¬ 
like proportions — two metres or more in height. Such giants 
have been known to grow to a height 
of 265 cm. (Fig. 102). In spite of their 
great height, giants are not any strong¬ 
er than normal people; usually they 
are much weaker. 

In adults, the excessive activity 
of the pituitary gland gives rise to 
a very noxious disease — acromegaly. 

As a result of the unnatural growth 
of the separate parts of the body in 
this disease, the arms and legs espe¬ 
cially become abnormally long, tlie 
thorax swells out, and the bones of 
the face become enlarged, particularly 
the lower jaw and the nose. The 
tongue .sometimes becomes so en¬ 
larged that the moutli cannot hold 
it. The body takes on a deformed 
appearance. Tliis disease is also ac¬ 
companied by a number of inter¬ 
nal disorders, and usually results in 

. , . Mg. 102. The influence of the 

Attempts of .surgeons to re- hypophy.sis upon growth: in the 
move the diseased gland by means middle —an adult of average 
of an operation have given very height; at the left — a giant 

poor results; the patients became jfoXsiI)%nheSi- 

rnuch worse and, tn many cases, (deficient functioning of 

died. tile hypophysis.) 



56. The sex glands 

The removal of the sex glands. The male sex glands are called 
testes, and the female — ovaries. The testes and ovaries secrete 
hormones into the blood, and must therefore come under the head 
of endocrine glands (glands of internal secretion). 

Even in ancient times it was known that the sex glands exerted 
a great influence on the general development of the whole organism. 
Removal of the sex glands, or castration, brings about profound 
changes in the organism. 

If a young animal is castrated, the secondary sexual characters, 
that is, the external peculiarities of structure of the male and 
female organism, are not developed. Thus, for example, if a cock 
is castrated, the plumage that is characteristic of him d<^s not 
develop, neither does his comb become enlarged. A hen with her 
ovaries removed loses those features peculiar to a hen, and becomes 
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very similar in appearance to a castrated cock (Fig. 103). Moreover, 
castration of animals gives rise to'a largo accumulation of fat in 
their bodies. 

Ages ago, people made use of castration for economic purposes. 
If the testes of a bull are removed, a peaceful bullock is Obtained 



normal cock 




A castrated cock A castrated hen 



A castrated cock A castrated hen 

with grafted ovaries with grafted testes 

Fig. UKi. Experiments in removing and grafting 
sex glands. 


tliat can then be readily utilized for agricultural work. Cocks and 
boars are castrated to obtain fat meat for the table. 

In some countries, ttie testes of men are removed out of reli¬ 
gious motives, and as a result, such men are maimed for life. 
If the operation is performed in childhood, the secondary sexual 
characters fail to develop: neitiier a beard nor mustaches grow; 
aU his life, the person retains the high-pitched voice characteristic 
of children; the skeleton, and especially the pelvis, retains the form 
peculiar to children; a comparatively large layer of subcutaneous 
fat appears. Castration has a very great effect also upon higher 
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nervous activity; this is reflected in the wl)ole behaviour of a 
person. Extreme sluggishness and lazhiess, cruelty and selfishness 
make their appearance very soon, and are highly cliaracteristic 
traits; vigour and active thinking are gone for ever. 

Grafting of sex glands. The effect which the sex glands have 
on the development of the secondary sexual characters may be 
clearly seen in experiments with the grafting of glands of the 
opposite sex in castrated animals (Fig. 103). When ovaries are 
grafted in a castrated cock, the cock develops the secondary 
sexual characters of the female, and is like a hen in appearance; 
on the other hand, if testes are grafted in a castrated hen, the 
hen assumes the appearance of a cock. 

Similar artificial “sex transformations” have been produced in 
some other animals. Tfiese experiments have definitely established 
the fact that the development of the secondary sexual characters 
is closely connected with the internal secretion of the sex glands. 

The hormones of the sex glands. '1‘he hormones of the testes 
and of tlie ovaries have been thoroughly investigated. They are 
very similar in tlieir chemical structure. However, it has been 
proved by experiments in removing and grafting sex glands that 
male and female hormones liave quite different effects upon the 
organism, and that eacli helps to develop only those secondary 
characters whicli are peculiar to its own sex. 

Besides the hormone which conditions the development of the 
secondary sexual characters, tire ovaries produce a hormone which 
is absolutely necessary for the normal development of pregnancy 
and of the mammal glands. 

Problem. Using the following diagram, compose a table of endocrine 
glands that are known to you: 


Name of 
the j;^laiid 

Th(^ clianges which lake pla 
there 

ce in Ihe organism when 
is — 

over-activily of a ^Jand 

deficient activity of a 
gland, or when it is 
removed 



i 


§ 57. The importance of endocrine, or ductless, glands 

The interrelation between the endocrine glands. Each endo¬ 
crine gland, secreting the products of its own activity into the 
blood, takes a definite part in the regulation of the processes 
of metabolism. In so doing, the various glands exert an influ¬ 
ence on one another, and thus a close interactivity is established 
between them. For example, one of the hormones of the pituitary 
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gland increases the activity of the sex glands; if the pituitary 
gland is removed, tlie production of sexual hormones ceases very 
quickly. The hormones of the sex glands, in their turn, influence 
the function of the pituitary gland by lowering its activity. 

It is an established fact that the sex glands and the tliyroid gland 
act reciprocally upon each other; at the same time, the work of the 
thyroid gland is under the strict control of one of the hormones 
of the pituitary gland. 

These examples show how complicated are the conditions under 
which the chemical regulation of the life processes takes place. By 
means of their hormones, the endocrine glands regulate not only 
the activity of the various organs of tiie body, but also one anotlier. 

The destruction of the normal work of one gland immediately 
affects the functions of the otliers. This, in its turn, gives rise to 
a number of changes in the organism and leads to disorders 
which may be very complex and varied. 

The regulation of internal secretion. The work of the endo¬ 
crine glands, like the work of all the other organs of tlie body, 
is regulated by the nervous system. Experiments show tliat the 
irritation of a nerve whicli leads to an endocrine gland intensi¬ 
fies tlie formation of a hormone. Tims, for example, the irrita¬ 
tion of the vagus n-erve intensifies the secretion into tlie blood 
of the liormone of insulin, which is produced by tlie islets of 
the pancreas. The.se reactions are of a reflex character. 

Changes in the work of the endocrine glands, brought about 
by conditioned stimuli, prove that the activity of these glands is 
controlled by the cortex of the cerebral hemispheres. 

On the other hand, facts concerning the influence exerted by 
hormones (for example, by the hormone of the thyroid gland) on 
the functioning of the brain and, particularly, on the work of the 
cortex of the cerebral hemispheres, have been known for a long 
time. Consequently, the nervous system and the endocrine glands 
liave a reciprocal influence upon each other. However, the leading 
role is still played by the nervous system. I he subordination of 
the activity of the endocrine glands to the nervous system and, 
especially, to the cortex of the cerebral hemispheres, makes it easier 
for the organism to adapt itself to tlie ever changing conditions of 
the external environment. 

The practical application of hormones. The great success 
achieved in the study of the endocrine glands have made it pos¬ 
sible to fight many diseases that were considered incurable be¬ 
fore. Thus, for example, all tlie disease manifestations that arise 
when the thyroid gland stops functioning may be completely 
liquidated by the regular use of preparations of this gland. 

No less important is the successful utilization of different hor¬ 
mones for economic purposes. By introducing certain hormones 
into the organism of an animal or, on the contrary, by removing 
certain endocrine glands, we are able to direct the development 
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of an animal in a way that is desired by us. Tims, the castration 
of animals brings about the accumulation of a great atnount of fat 
in their bodies, and makes them quiet and obedient. By means 
of hormones, the growth of animals may be accelerated, the 
amount of fat meat increased, egg-laying increased and the quality 
of eggs improved; hormones influence the fertility of animals, the 
development of feathers, wool, etc. 


REVIEW QUESTIONS 

1. How is the humoral interaction between llic Ois;aas accomplished? 

2. How do the endocrine glands differ fr(>m Ihe exocrine glands? 

3. What glands secrete iutcrnally and externally at the .same time? Explain 
the internal secreting function of these glands. 

4. What are the chief methods of studying the activity of the endocrine 
glands? 

5. What is tlie role played by the thyroid gland? 

6. How does the pituitary gland (hypophysis) influence the functions of 
the organism? 

7. What is the role of tlie hormones of llie sex glands? 

8. What are the methods of treating diseases caused hy disorders in the 
activity of the endocrine glands? 

9. What are the practical applications in medicine and in agriculliire of our 
knowledge of the endocrine glands? 


X. THE NERVOUS SYSTEM 


58. The importance of the nervous system 

The reaction of the organism to the environment. The or¬ 
ganism would not be able to exist were it not for its interaction 
with the external environment. The organism reacts to the rno.st 
varied cliangos that go on around it, providing those changes 
are of sufficient force. Moreover, a reaction is not limited to those 
organs which receive a given stimulus directly — it spreads to the 
whole organism. The sudden tooting of an automobile horn irritates 
only the sensitive cells of the organ of Iiearing. However, tlie reac¬ 
tion to that sound may be very complex: the person responds with 
certain movements; for example, lie turns in the direction of the 
noise; the rate of his heart pulsations begins to increase; the se¬ 
cretion of digestive juices is retarded, etc. We have already dis¬ 
cussed similar, general reactions of the whole organism in tne 
study of the digestive organs, the respiratory organs and others. 

Reactions of the organism may also be brought about tlirougii 
the medium of the fluids of the body, that is, by humoral means. 
Thus, due to the action of ultra-violet rays on the skin, substan¬ 
ces are produced in the skin wliicb get into the blood and accel- 
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erate tfie processes of inctabolisin in the various organs of the 
body. However, the rapid and varied responses of the organism to 
changes in the environment cannot be provided for in this way. 
To bring about tliese and all otirer reactions requires the absolute 
participation of the nervous system. The same ultra-violet rays 
stimulate the nerve endings of the skin; the impulses pass on to 
the central nervous system, and from there, along the efferent nerve 
fibres, are directed to the various organs, producing changes in 
their activity. 

In the higher animals, and especially in the human being, tlie 
nervous system is of tlic greatest importance in bringing about the 
reactions of the organism to the external environment. It is through 
the nervous system that tfie organism is able to orientate itself 
in the world surrounding it and to adapt itself 
to the ever changing conditions of life. 

The general structure of the nervous 
system. All multi-cellular animals, with the excep¬ 
tion of the sponge, have a nervous system. 
Animals of tlie coelenterata group (the hydra, for 
example), fiave a nervous system that looks like 
a net spread over the wliole body, and that is 
composed of cells, connected with one another 
by means of branching projections (Fig. 104). 
In such a nervous .system excitation spreads 
quite evenly in all directions; therefore, one and 
the same motor reaction will be obtained in 
response to a stimulus applied to any part of its body — namely, 
all the muscle cells will contract. In accordance with this, the 
behaviour of the hydra is also of one and the same character. 

In proportion as the animal world developed, the structure of 
the nervous sy.stem kept on changing and increasing in complexity; 
and with the increasing complexity of tiie nervous system, the 
reactions of tlie organism became more and more complex and 
varied. 

All vertebrates, including man, have a central nervous system 
and a peripheral nervous system (see coloured plate V). 

The central nervous system, is a vast aggregation of nervous 
tissue and consists of the spinal cord, situated within the spinal 
column, and the brain, contained in the cranial (or skull) cavity. 

The numberless nerves that extend from the spinal cord and 
the brain compose the peripheral nervous system. In various 
parts of the peripheral nervous system there are small aggrega¬ 
tions of nerve cells — the ganglia. 

Coordination of the activity of the body organs. All the re¬ 
actions of the organism are always strictly correlated and coordi¬ 
nated because they take place witii the participation of the ner¬ 
vous .system. Thus, the”bending (flexing) of the arm at the elbow 
is the result of the coordinated activity of a whole group of 



Fig. 104. Diagram 
of the structure of 
tlie nervous system 
of a liydra. 
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muscles: the flexors contract; moreover, each of tliera, in each 
separate case, contracts with a definite force; the extensors relax 
(extend) simultaneously; tlie extent to which each of tliein relaxes 
is again strictly determined. More than that, a change in the state 
of each muscle is accompanied by the dilation or constriction of 
its blood vessels. Consequently, the simple motion of bending the 
arm is accompanied by a whole series of correlated and coordinated 
changes in the organism. 

The nervous system regulates the activity of all the organs, 
and is constantly adjusting their work to the needs of the organ¬ 
ism. As a result, there is strict coordination, not only in the 
contraction of muscles, but also in the functions of the internal 
organs. 

The role of the brain in the perception of the surrounding 
world. A person receives sensations and gets a perception, or 
knowledge, of the world surrounding him through the medium of 
the sense organs and of the nervous system. All human thougfU 
and behaviour are connected witli the activity of the nervous 
system. Thought and consciousness, in the words of Engels, are 
“the products of the human brain.” 


59. The structure and properties of the nerves 

Nerve fibres. A neuron consists of the body of the cell, of 
short branching projections, or dendrites, and usually of one long 
projection, or axon. The long pro¬ 
jection (axon), together with the 
sheath in which it is enclosed, is 
called the nerve fibre. 

If we take a cross-section of 
the brain or of the spinal cord, 
we may see tliat in some places 
the material of the brain and of 
the spinal cord is of a dark colour — 
the so-called gray matter, and in 
others it is of a light colour — 
the white matter. The gray matter 
consists, primarily, of a vast num¬ 
ber of nerve cells. Nerve fibres, 
extending from these cells and 
covered with a white sheath, are 
collected together in a compact Fig- 105. Nerve cells (gray matter) 
mass and form the white matter nerve fibres (white matter), 

of the brain (Fig. 105). 

The structure of the nerves. A nerve is made up of a great 
number of nerve fibres, which differ from one another chiefly in 
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the thickness of their white shcatlis. llie separate bundles of 
nerve fibres, and also tlie nerve as a whole, are enclosed in 

a slieatli of connective tissue (Fig. 106). 

A little above tlie point of its 
own ending, tlie nerve fibre loses 
its wliite covering and breaks up into 
sc'veral branches, which lead close up, 
cither to tlie muscle fibres, to tlie 
w cells of a gland or of some other 

- or, finally, to the dendrites of 

another neuron. 

conduction of excitation 
along a nerve. The chief property of 
... f the nerve tissue is the conduction of 

big. 106. Cross-section of a ..*+o+ 4 rv 
nerve; bundles of nerve fibres of exciiauon. 

varying tliiekness arc seen. If a muscle, together with the nerve 

leading up to it, is cut out of the body 
of a frog and a stimulus is applied to the nerve (an electric cur¬ 
rent, a chemical substance, or pinching it), the muscle will contract. 




Fig. 106. Cross-section of a 
nerve; bundles of nerve fibres of 
varying tliiekness arc seen. 


This occurs because the excitation 
aroused in the nerve travels along 
the whole length of the nerve and 
is transmitted from tlie nerve end¬ 
ings to the muscle fibres. I lowover, 
if ttie nerve is deadened at any point 
with alcohol or chloroform, or if 
it is tied up tightly at any point 
with a thread, the transmission of 
excitation through the injured or 
affected part will cease: there will 
be a contraction of the muscle 
only when the part of the nerve 
that is between the deadened sec¬ 
tion and the muscle is stimulated. 
(Fig. 107). 

The conduction of excitation 



as a physiological process. I'he 
conduction of excitation is an 
extremely complex physiological 
process. It has nothing in com¬ 
mon with the passage of an electric 
current along a conductor. An im¬ 
pulse is conducted along a nerve 
at the rate of 20 to 30 or more 
metres a second; in the human 


Fig. 107. Diagram of the conduction 
of excitation along a nerve: 

I —• nerve: 2 — muscle; 3 — lever for pro¬ 
ducing: the records on the ky noj^raph; 4 - 
muscle contriirtion recorded on the kymo- 
jrraph: .5 — electrodes for stiinulatinjj the 
nerve by fneaihs of an electric current; <? — 
a piece of cotton wool soaked In chloroform 
and applied to the nerve. The impulse 
cannot pass throiij^h the injured part of the 
nerve. 


being, the rate of conduction may rise as high as 103 or 120 m. 
An electric current, however, spreads along wires with the speed 
of light, travelling about 300000 kil. per second. 
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Although the process of excitation spreads imich more sk)wly 
than an electric current, yet the speed with which a nervous 
impulse is conducted is such that tlie reactions of the organism 
may be felt in several tenths and even hundredths of a second. 


60. The spinal cord 


The structure of the spinal cord. Tlie spinal cord is located 
in the vertebral canal, wliich is formed l)y the bodies and by the 
arches of the vertebrae (Fig. 108). It extends along the length of 
the vertebral canal in the 
form of a thick cord, and 
is divided by two fissures 
into right and left halves. 

In the very centre of 
the spinal cord there is a 
canal, wliich passes into 
the brain. This canal is 
filled with a liquid, similar 
in composition to lymph. 

The white and the gray 
matter of the spinal cord. 

If we examine a cross-sec¬ 
tion of tile spinal cord, we 
may see that the gray mat¬ 
ter is in the interior of 
the cord and that the white 
matter surrounds the gray. 

'I hose parts of the gray 
matter wliich, when irrita¬ 
ted, bring about activity 
in the various organs, were 
conventionally named the 
nerve centres of these or¬ 
gans. t hus, for example, the 
nerve centre of the diaphr¬ 
agm is located in the spinal 
cord at the neck; if this part 
of the spinal cord is destroy¬ 
ed, the diaphragm ceases to 
contract. The nerve centres 
of the muscles of the trunk of the body and of the upper and lower 
extremities, and also the nerve centres of the internal organs, 
are located in the gray matter of the spinal cord. 

The main mass of the white matter consists of nerve fibres, 
which unite the various centres of the spinal cord with each other. 



1 — white matter; 2 — pray matter; 3 — posterior spinal 
nerve root; 4 — anterior spinal nerve root; 5 — inter¬ 
vertebral ganjjlion: 6 and 7 — sympathetic trunk; 8 — 
intervertebral opening. 
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and which also run from the spinal cord to ttie different divisions 
of the brain, or, vice versa, from the brain to the spinal cord. 
The nerve fibres that unite the various sections of the brain, are 
called conducting pathways. Through them connection is set up 
between the neurons of the different divisions of the brain, and 

thus the integrated and coordina¬ 
ted activity of the whole nervous 
system is provided for. The brain 
regulates the work of the spinal 
cord, and at the same time receives 
impulses from it which largely 
determine its own activity. 

The spinal nerves. The spinal 
nerves issue from the spinal cord, 
to the right and to the left of it, 
between each pair of corresponding 
vertebrae; in all tliere are 31 pairs 
of spinal nerves. Each nerve 
originates from the spinal cord by 
two roots — the anterior and the 
posterior. 

Let us say that all the anterior 
roots on the right side of a decap¬ 
itated frog, and all the posterior 
roots on its left side, have been 
cut. Now, if the right hind leg of 
the frog is irritated, a response 
reaction will be observed only on 
the left side, while the right side 
will remain inert. When the left 
hind leg is irritated, no reflex 
action will take place (Fig. 109). 

Thus, cutting the anterior roots 
does not prevent the passage of 
impulses from the skin to the 

spinal cord, but it stops tlieir 
conduction from the spinal cord 
to the muscles. This means that 
efferent impulses can travel only through the anterior roots. 
The fact that no reflex action whatever takes place after the 
posterior roots have been cut shows that afferent impulses travel 
only through the posterior roots. Therefore, the anterior root 

is called the motor root, and the posterior one, the sensory 
root 

The two roots emerge from the spinal cord and join together 

beyond it to form one nerve. Thus, the nerves that run from the 

spinal cord are mixed: they contain nerve fibres of both types — 
afferent and efferent. 



spinal nerves (the right anterior and 
the left posterior spinal nerve roots 
are cut): 

1 — nerve of the right hind leg; 2 — nerve 
of the left hind leg; 3 — irritation of the 
right leg; 4 — irritation of the loft leg. 


180 




Fig. 


110. Diagram 
reflex arc: 


of a 


The reflex arc. Any reaction tliat take.s place in response to 
stimulation and with the participation of the nervous system, as 
we already know, is called a reflex, or a reflex action. The path 
along which impulses, arousing reflex action, travel is called a 
reflex arc. 

Each reflex arc (Fig. 110) consists of five parts: the first part 
is the receptive nerve endings, situated both in the sense organs 
and in all the other organs of the body — in the muscles, the 
intestinal canal, the lungs, and so on; the second is the affer¬ 
ent nerve; the third — the central nervous system, that is, the 
spinal cord and the brain; the fourth — the efferent nerve’, the 
fifth and last — the organs that react to stimulation — the 
skeletal muscles, the heart, the salivary 
glands, etc. 

In its simplest form, the reflex arc must 
be composed of at least two neurons: an 
afferent and an efferent neuron. 

An afferent neuron. The cells of affer¬ 
ent neurons are not located in the spinal 
cord, but in the posterior spinal nerve root, 
where they form an enlargement which is 
called an intervertebral ganglion. These 
neurons, unlike all the others, have two 
long projections. One of them carries im¬ 
pulses from the sensory endings in tlic 
skin, the muscles and others, to the cell 
body; along the other projection, impulses 
travel from the cell body along the 
other projection to the spinal cord. In 
projection branches out: one branch runs along the white matter 
to the lower parts of the spinal cord, while the other is directed 
upward. Both of the.se branches give off short little side branches, 
which enter the gray matter and terminate there. 

An efferent neuron. An efferent neuron has one long projec¬ 
tion (an axon) and several short ones (dendrites). The cell bodies 
are in the anterior protuberances, or, as they are usually called, 
the anterior horns of the gray matter. From there the long projec¬ 
tion passes through the anterior spinal nerve root, then along the 
.spinal nerve, and enters a working organ — a muscle, for instance. 

The little branches of the long projection of the afferent neuron, 
leading close up to the anterior horns of the gray matter, come 
in contact with the dendrites of the efferent neuron. Excitation 
may be transmitted only from tlie axon to the dendrites. No exci¬ 
tation is transmitted in the opposite direction — from the den¬ 
drites to the axon. Thanks to this, we have the unilateral conduc¬ 
tion of excitation in the central nervous system. 

The knee-jerk. The knee-jerk may serve as an example of 
a reflex, the arc of which consists of two neurons. If a person 


/ - oor‘in widi rcc<.*[»llve nerve 
oiuliiigs: 2 — afferent nerve: 
,V — central nervous system; 
/ ~ t ffi rent nerve; .7 -■ organ 
reacting to the stimulus. 


the spinal cord this 
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seated on a chair is told to cross his legs, and is then given a 
sharp blow with tlie side of the hand, or, still better, with a small 
hammer, on the tendon just below the knee-cap, the leg will give 
a violent jerk. The tendons which receive tlie blow sag and pull 
with them the muscle which straightens out the leg at the knee. 
The muscle is stretched, whicli gives rise to irritation of the 
receptive nerve endings of tliat very same muscle. In this way 
a stream of impulses is set up, which travel along the afferent 
neurons to the spinal cord, and from there, along the efferent 
neurons, return to the same muscle, arousing a response in it — 
it is shortened (see coloured plate VI). 

The internuncial neurons. Reflex arcs that consist of two 
neurons occur very rarely. Most reflex arcs consist of three, four 
and of even more neurons. Diagrams of reflexes consisting of two 
and three neurons are given in coloured plate VI. As shown there, 
the little branches of the projection of the afferent neuron lead up 
to the posterior, and not only to the anterior horns of tlie gray 
matter. Here are located the bodies of the intermnckil neurons, 
which transmit impulses from the afferent to the efferent neurons. 

The long projections of tlie internuncial neurons extend to every 
part of the spinal cord, as well as to the brain. Thus, by travel¬ 
ling from one internuncial neuron to another, excitation is trans¬ 
mitted to all parts of the central nervous system. 

Problem. Make a drawing of two neurons, showing the axon of one neu¬ 
ron directed to the dendrites of tlie .second neuron, and tlie axon of the second 
neuron directed to a muscle. Add all the nece.s.sary cxplanation.s to your drawing. 
Show, by means of arrows, the direction tliat excitation can take. 


61. Reflexes of the spinal cord 

Reflexes in a decapitated frog. Reflexes that take place with 
the participation of the spinal cord may be best studied in a frog 
whose head has been cut off, but whose spinal cord has been left 
intact. In order to ob.serve the reflexes, the frog is suspended 
from the hook of a support. 

If the leg of the decapitated frog is pinched with a pair of 
pincers, the leg is jerked back. Two of the frog’s legs, or three 
and even all four of them, may be brought into motion, depend¬ 
ing upon the force with which they are pinched. This experi¬ 
ment shows that excitation may spread, or irradiate, to the various 
parts of the spinal cord. 

The excitability of the nervous system. The spreading of 
excitation, in other words, the transmission of excitation from one 
neuron to another, depends upon the degree of excitability of 
the nerve cells. A careful study of the changes in the excitability 
of nerve cells may be made by watching the action of certain 
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poisons on a decapitated frog. Thus, alcoliol at first increases tlie 
excitability for a very short period of time, but then diminishes 
it greatly. Strychnine increases the excitability to such an extent 
that even the slightest contact with this poison will bring about 
convulsive contractions of all the muscles of the animal’s' body. 

The significance of afferent impulses. In the central nervous 
system, streams of impulses are continuously travelling from all 
parts of the body along the afferent neurons. Some of them arouse 
response reactions, but tlie overwhelming majority of them are too 
weak to bring about a reflex. Nevertheless, tlie organism is not 
entirely indifferent to these impulses. They increase the excitability 
of the cells of the central nervous system. 

We may take such weak stimuli (for example, an electric current) 
which, taken separately, do not bring about reflex action in a 
decapitated frog. If these stimuli are again applied with a definite 
frequency, several times one after another, a reflex action will 
occur, because each stimulus increases the excitability of the cells. 

In certain diseases, a per.so;i may lose the power of sensation. 
In one ca.se, the patient lost all power of sensation in his skin; 
he was blind of one eye and deaf in one ear. The moment his 
unaffected ear was stopped with cotton wool and his unaffected eye 
bandaged up, the excitability of his nervous system was so greatly 
diminished tliat he immediately became motionless and fell "asleep. 
This state disappeared when the bandage was removed from his 
eye and the cotton wool from his ear. 

The example just given shows tlie vast importance of the affer¬ 
ent impulses for the activity of the wliole central nervous system, 
even in such cases when they do not call forth a reflex action. 

The inhibition of reflexes. If the tip of the hind leg of a 
decapitated frog is immersed in a weak solution of sulphuric acid, 
the leg is almost immediately jerked back (usually in one to three 
seconds). If the foreleg is squeezed with a clamp when the hind 
leg is immersed in the acid, the reaction will take place consid¬ 
erably later, and sometimes will not occur at all. 

In this case, two streams of impulses enter tlie central nervous 
system simultaneously: from the foreleg irritated by the clamp, 
and from the hind leg immersed in tlie acid. The stream of impulses 
from the foreleg does not increase the excitability of the nerve 
cells which take part in tlie reflex action of the hind leg, but, 
just on the contrary, it suppresses — inhibits — the activity of the 
nerve cells. Such inhibition delays the reflex. 

Inhibition in the central nervous system was first made a deep 
study of by the great Russian physiologist, Setchenov. At the 
present time, it is an established fact that each nerve cell can be 
brought to a state of excitation, as well as to a state of inhi¬ 
bition. A state of inhibition must not be considered as a state of 
rest or of inactivity. It is actually a state of activity of the cells, 
but the activity is of a type that will not allow an impulse to 
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pass through the cells (Fig. 111). Travelling reflexes, whose patli 
is obstructed by a zone of inhibition, become weakened or disap¬ 
pear altogetlier during the whole time the inhibition lasts. Both 
states of the nerve cells — excitation and inhibition — are equally 
important to ensure the normal activity of the nervous system. 

Coordination of reflexes. When a decapitated frog jerks back 
its legs in response to an irritation, a whole group of flexors 
are contracted. Tiiis is due to the fact that the centres of the 
flexors in the spinal cord arc excited, that is, those groups of 
nerve cells are excited whose projections are connected with the 
flexors. 'I'he tone of the extensors is lowered simultaneously, and 

they relax, thus enabling 
the frog to bend its leg. 
The extensors relax, be¬ 
cause the nerve cells con¬ 
nected with these muscles, — 
in other words, the nerve 
centres of tlie muscles are 
brought to a state of inhi¬ 
bition. 

The reactions of a frog, 
kept for some time in the 
cold (at a temperature of 0'’, 
for example), are greatly 
retarded. When the frog, 
subjected to such condi¬ 
tions, bends its leg in res¬ 
ponse to stimulation, the 
leg remains bent for rather a long time, and begins to straighten 
out slowly only after several seconds. If the right leg is pinched 
with a pair of pincers immediately after the stimulation of the left 
leg, the left leg will straighten out at the same time that the 
right one will bend. 

In the experiment sliowing the retarded reactions of a frog that 
has been exposed to ttie cold, we may readily observe the integ¬ 
rated action of tiie nerve centres: the excitation of the centres of 
the flexors of the right leg brings about tlie inhibition of the 
centres of those muscles of the left leg which were in a state of 
excitation; as a result, the left leg straightens out at once. When 
any kind of a motion is made, some muscles contract and others 
relax, all of which depends upon the appearance of zones of exci¬ 
tation and of inhibition in the corresponding sections of the central 
nervous system. Such interactivity of the centres was first deter¬ 
mined by the outstanding Russian physiologist— N. V. Vvedensky. 

Zones of excitation and of inhibition do not remain constant. 
They are always shifting from one place to another, from one part 
of the brain to another, thus making the proper coordination of 
movements possible. 



Fig. III. Diagnuii of llie coiichution (^f an 
impulse from one neuron to another: 

7 — point of sliinuljition ol the nerve fibre by an elec¬ 
tric current: 2 — tmnsniission o\ excitation from the 
axon to the dendrite: cl ~ excitation cannot pass troiii 
the dendrite to the axon; 4 — inhibition that is formed 
prevents the passaire of excitation. 
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The complex movements of a decapitated frog. If a piece of 
paper soaked in acid is applied to the skin of a decapitated frog, 
the frog will throw it off with a precise movement of its leg. The 
frog will bring into motion its right or its left leg, depending 
upon the point of the body to which the acid is applied. Thus, if 
the piece of paper is applied to the right side of the body, the 
frog will remove it with its right hind Teg. 

'I'his experiment may be performed in a somewhat different 
way, — by tying the right leg tightly so tliat it cannot be moved, 
as shown in the figure (Fig. 112). Now, if the right side is irri¬ 
tated, the muscles of the 
right leg that is tied will 
contract first, and then the 
other leg (the left) will be¬ 
gin to move toward the 
piece of paper, and will 
throw it off. 

This interesting exper¬ 
iment shows that move¬ 
ments may be coordinated 
very exactly by the spinal 
cord alone. With the addi¬ 
tion of the brain, reflex 
actions become still more 
complex and infinite in va¬ 
riety. 

The role of the spinal 
cord. In the organism taken 
as a whole, with its ner¬ 
vous system unimpaired, 
the chief role of the spinal 
cord is that of a conductor 
of impulses that travel both from tlie organs of the body to the 
brain, and back again from the brain to the organs. The reflex 
actions of the spinal cord depend upon the upper divisions of tlie 
central nervous system; iti the lower vertebrates, this dependence 
is expressed more weakly than in mammals. It is the participation 
of the brain, and especially of the cortex of the cerebral hemi¬ 
spheres, that accounts for the striking variety of reactions, which so 
greatly differentiates the reflex actions of an unimpaired organism 
from the reflexes of an animal having only a spinal cord (the brain 
having been removed). In the human being, even such simple reac¬ 
tions of the spinal cord as the knee-jerk cannot take place without 
the absolute participation of the brain. 

Questions. 1. In some diseases, only the conduclion of excitation from the 
spinal cord to the brain is destroyed, while tlie conduction of excitation in 
the opposite direction (from the brain to the spinal cord) proceeds normally. 
Will there be a knee-jerk under such conditions? Will the leg be sensitive to 


12 3 4 



Fig. 112. Experiment with a decapitated frog 
irritated by an acid; 

1 and 2 -- Uiii frojf rulj.s off, with its risflit lejf, the 
acid from the riKdil side of its back; ,V and 4 — the right 
IiLg is tied; the frog rubs off tlie acid from the same 
place with its left leg. 
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a pin-prick? Arc volunlary movements of the leg possible? Uxplain why soiile 
of the questions require positive answers, and some — negative answers. 

2. How must these same questions be answered, if; a) the pathway along 
which excitation is conducted fron the brain to the spinal cord is injured!* 
b) the posterior spinal nerve roots of the spinal cord arc injured? c) the 
anterior spinal nerve roots arc injured? Give tiie reasons for each of your answers. 

Why docs the secretion of gastric juices cease in a dog the moment 
a cat is brought near it? Give other examples of similar reactions. Hxplain 
each of them. 

Problems, 1. Make a drawing of a cross-section of the spinal cord, with 
a diagraui of the siniplest type of a reflex arc composed of two neurons (the 
arc should originate in a muscle o: in its tendon, and sliould terminate in the 
sa re muscle). Give a detailed explanation in your drawing. Show the pathway 
of the excitation by meatis of arrows. 

2. .Make a diagram of a reflex arc composed of three neurons, and origin¬ 
ating in ilie skin. Give a detailed explanation in the diagram. Show the path¬ 
way of the excitation by means of arrows. 

d. Try the knee-jerk on yourself or on your school-mate. Explain why there 
is a contractioi] of tlie extensor.s and why the leg jumps. 


§ 62. The structure of the brain 

The cerebral vesicles. The central nervous system in the embryo 
of all vertebrates begins as a tube with an enlargement at its 
anterior end (Fig. 113). Tlie transverse bands on each of the three 
parts of this end give them the appearance of three swellings, which 

are called the anterior, the and the 

posterior cerebral vesicles; eacli of these 
vesicles represents the beginning of defi¬ 
nite parts of tile brain. 

The hind-brain. That part of the brain 
of a human being wliicli is a direct contin¬ 
uation of the spinal cord is called the 
medulla oblongata. In front of the medulla 
there is a large cylinder-like elevation, 
running crosswi.se, which is u.sually refer¬ 
red to as a bridge, - the pons. Behind the 
medulla there is the cerebellum, divided into 
two hemispheres, one on each side. All of 
these parts develop out of the posterior 
cerebral vesicle, and compose the hind-brain. 

The mid-brain. The continuation of 
tlie hind-brain is the mid-brain, which 
develops out of the mid-cerebral vesicle, and composes a very small 
part of tlie brain in man. 

The mid-brain consists of the cerebral peduncles (two very 
tliick bundles of fibres wliicli penetrate deep into the right and left 
hemispheres) and the four caninences (corpora quaarigemina), 
situated behind the cerebral peduncles. If tlie cerebral hemispheres are 
lifted up, tlien, between the liemisplieres and the cerebellum may 



Fig. 113. Aiilcrior cmkI of 
the cerebral lube in ihc 
human embryo: 

I — posterior: 2 — luiti-: .V — jhi- 
lerior cert.*l)ral \e-sicU.-s. 
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I'ig. III. I-oii^itudiiial scclit>ii of llie Imnian hrain: 


1 — ini;dulla oliloiij^ata: 2 — pons: H - oerebHImn: 4 -- mid-brain; 
.> — two ciTiin«*nc.<'.s of the corp<iia quadrijireinina (posterior part of 
the riiid-brain); 6 ~ thalatnus: 7—hypothalamic region; —pitui¬ 
tary gland; .9 — optic mrve; 10 — corpus callosum; 11 — cortex of 
the cerebral hemispheres. 



Fig. 115. Interior surface of the human brain: 

7 — spinal cord passing over into tho medulla oblongata (2): — pons; 

4 cerebellum; 5 — cerebral cortex; /— Xfl —twelve pairs of cranial 
nerves; among these are: olfactory ikm-vc (/), optic nerve (//), facial nerve 
(Wi)t auditory nerve (K///), vagus nerve {X). 
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be seen four eminences; tliese are the corpora quadrigemina (in 
figure 114 only two of these eminences are seen). 

The fore-brain. The remaining part of the brain is developed 
out of the anterior cerebral vesicle, and is called the fore-brain. 
The inter-brain (diencephalon) is developed out of the posterior 
part of tlie anterior vesicle. Ttie inter-brain consists of two large 
aggregations of gray matter — the thalamus, and, situated below the 
thalamus — the hypothalamic region. 

Out of the anterior part of the same vesicle are developed 
the cerebral hemispheres, the surface of which consists of gray 
matter and is called the cerebral cortex. There are also aggre¬ 
gations of gray matter (the subcortical centres) deep witliin the 
cerebral hemispheres. 

The nerves of the brain. Twelve pairs of cranial nerves 
originate in the lower surface of the brain (Fig. 115). Some of 
tliem connect tlie brain witli the sense organs (the auditory, optic 
and olfactory organs); others contain fibres whicli lead to the 
muscles and to the skin of the scalp, to tlie mucous membrane of 
the mouth and nose cavities, and to the salivary glands. 

One of the nerves, called the wandering nerve, or the vagus 
nerve, breaks up into branches that lead to tlie organs of tlie 
thoracic and abdominal cavities; the name — wandering nerve — 
was given to it because it, so to say, wanders about in the body. 


63. The brains of different vertebrates 

The similarity In structure of the brains of different verte¬ 
brates. If we compare the brains of various vertebrates, includ¬ 
ing that of the human being, it is not difficult to note that there 
are many similarities in tlieir structure. In all vertebrates, the 
brain is developed out of the three initial cerebral vesicles. All 
vertebrates possess the chief divisions of the brain (the medulla 
oblongata, cerebellum, rnid-brain, inter-brain or diencephalon, the 
hemispheres). However, together with these points of similarity, 
there are also outstanding differences. 

The weight of the brain. The weight of the brain is an im¬ 
portant factor proving that the brain, in the various classes of 
vertebrates, did not undergo the same development. 

The brain of most fish weighs less than their spinal cord; in 
amphibians and reptiles, the brain is of about the same weight as 
the spinal cord; in mammals, it weighs considerably more than the 
spinal cord; in dogs, its weight is five times greater than that of 
the spinal cord, and in rnan-like apes it is 15 times greater. However, 
in no animal has the brain reached such a high state of develop¬ 
ment as in man, whose brain composes about 98"/o of the weight 
of the whole central nervous systeni. 
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The brain of fish. The hind-brain and the mid-brain of fish 
are greatly developed (Fig. 116). The fore-brain is very poorly 
developed and is evidently only concerned with the sense of smell. 



A B 

h'ig. 116. Top and side views of the brain of fish; 

A — cnrtilajfiuoiis fisli (shark): li — osseous fish (salmon). / •— medulla oblongata; 2 — ce¬ 
rebellum; a — mid-braiii; 4 — fore-brain. 



If the whole fore-brain of a fish is cut out, the fish will con¬ 
tinue to bcliave in a normal manner: it will swim up to things 
thrown into the aquarium and will distinguish between what is 
edible and what is inedible; it will quickly swim away from 
danger. If the mid-brain is destroyed, a great change takes place 
in its behaviour; moreover, coor¬ 
dination in the execution of its 
movements is partially destroyed. 

The brain of amphibians. 

In amphibians (for example, the 
frog), the fore-brain is somewhat 
more developed than in fish 
(Fig. 117) and its removal brings 
about a number of disorders in 
the animal’s normal behaviour; 
however, the disorders produced 
are not lasting ones, and in one 
or two weeks after the operation 
they disappear by themselves. 

The brain of reptiles and 
birds. In reptiles (Fig. 118, A) 
some parts of the fore-brain, namely, the inter-brain and the sub¬ 
cortical centres, are rather well developed. The cortex of the hemi¬ 
spheres contains few nerve cells. When the fore-brain is removed, 
very noticeable cliangcs are produced in the behaviour of the 



Fig. 117. Brain of amphibians (frog). 
The denotations are the same as 
those in figure 116. 
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animal, altlioiigli coordinated movement is not destroyed: the animal 
becomes very inactive, does not look for or seize upon food, and 
shows no fear of a person. 

The considerable size of the cerebral liemispheres in birds 
(Fig. 118, B) is explained by the exceptionally powerful develop¬ 
ment of their subcortical centres; the cortex of the hemispheres 
is almost as little developed as in reptiles, if the cortex alone is 
carefully removed, very little change is observed in the behaviour 
of the animal. If botli hemispheres are completely removed (the 
cortex and .subcortical centres), the changes produced will be the 
same as tliose caused by tlie removal of tlie fore-brain in reptiles. 



I'ig. 118. Brain of reptiles and birds: 

— crocodile; li — pi^jeoii. The denotations are the same as those in fi}jiirc llG, 


The brain of mammals. Tlieir highly developed fore-brains is 
a feature that differentiates mammals from otiier vertebrates (Fig. 119). 
The mid-brain of mammals is very poorly developed. 

If the whole fore-brain is removed, the disturbance produced 
is so great that the animal loses the power of motion; it becomes 
absolutely helpless, and soon dies. Even if only the cortex of the 
cerebral hemispheres of animals is removed, the result is great 
disorder in behaviour. 

A dog with the cortex of the hemispheres removed does not 
move toward food nor eat it unless its muzzle is forcibly thrust 
into the bowl of food. It does not recognize its master; it snaps 
and snarls if anyone touches it; there is no response of any kind 
either to kind words and patting or to harsh words and threat¬ 
ening motions; it does not react to the presence of a cat; it be¬ 
comes very inactive, often stumbles over obstacles put in its way 
and stands for a long time in front of them without moving. 

If the cerebral cortex of a monkey (Fig. 120) is completely 
removed, the disturbances created are still more profound. Be¬ 
sides such disorders in behaviour as are observed in dogs, monkeys 
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lose the ability to make voluntary movements, and sleep almost 
all the time. 

The evolution of the brain. In the process of the liistorical 
development of vertel)rates, complexity in behaviour is closely 



connected with the development of the bruin, and especially of 
its anterior division. 

In tlie lower vertebrates, tlic hind- and mid-brains are greatly 
developed, but tiie small fore-brain is of no real significance in 
regulating the activity of tlie organism. Higher, more complex 
phenomena of nervous activity, con- 
nected^ with the fore-lrrain, first 

more developed in mamuials- A new 

the cortex of the cerebral hernisplte- i 

res — which is practically wanting ] 

in other animals, hveii in monotre- 

niata (the duckbill, the anteatcr, i 2 4 

for example) and in marsupials, Brain of a monkey. The 

the cerebral cortex became greatly cicuoiatioiis arc tliesameas those in 

enlarged at the expense of the ol- figure 116. 

factory lobe of the fore-brain; but, 

in tfie Iiigher animals, due to the still greater development of the 
cortex, tiie cerebral hemispheres increased in size in all their parts 
to sucli an extent that tlicy cover up the other parts of the brain; 
fissures and convolutions appeared in tlie cortex, increasing its 
area considerably. 
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Fig. 121. Fore-brain 
of a monkey. Part 
of the frontal lobe 
in front of the 
motor centres is 
shaded. 


In mammals, it is with the cortex of the cerebral hemispheres 
that all the higher manifestations of nervous activity are connected. 
Therefore, the removal of the cortex of these animals is the cause 
of very violent disturbances and changes in 
their behaviour. 

In monkeys, it is not only tlie higlier forms 
of nervous activity, but also all tlie voluntary 
movements, that are controlled by the cerebral 
cortex; therefore, with the retnoval of the cortex, 
the ability to make any voluntary movements 
is destroyed. 

The brain of a human being. The extraor¬ 
dinarily great development of the cortex of the 
cerebral hemispheres, and especially of the 
anterior (frontal) lobe, fundamentally differenti¬ 
ates the brain of man from that of the lower animals (Fig. 121 
and 122). Due to the vast numbers of fissures, some of which are 
very deep, the entire surface of the 
hemispheres is covered with nume¬ 
rous folds, or convolutions. If all the 
folds were spread out flat, the human 
cortex would occupy an area almost 
equal to 2000 S(/. cm., which is all 
the more striking when we consider 
that the surface of the cortex of such 
a large animal as the horse is only 
350 sq. cm. 

The structure of the human cor¬ 
tex as seen under the microscope 
is very much more complex than 
that of any animal. It is considered 

that there are about 14 milliard nerve cells in the human cortex. 

In the human being, life is impossible without the cortex of 
the cerebral hemispheres. Fven small injuries of the cortex may 
have very serious results. 



being, nan of the frontal lobe 
in front of the motor centres (/) 
and tlie lower parietal region (2) 
is shaded. 


64. The functions of the hind- and mid-brains 

The medulla oblongata. Most of the cranial nerves are con¬ 
nected with the medulla oblongata and with the pons situated in 
front of it. Here come afferent impulses from the organ of hearing, 
the skin of the scalp, the mucous membrane of the mouth cavity. 
From the medulla oblongata, efferent impulses travel to all the 
muscles of the head and to the salivary glands. 'I'hc medulla oblongata 
is connected with the organs of circulation, digestion and respi¬ 
ration by means of the afferent and efferent fibres of the vagus nerve. 
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I^cflex arcs, connected with functions of the most vital impor¬ 
tance, pass throup^h tlie medulla oblongata and also through the 
pons; the following centres are located here: the respiratory and 
cardio-vascitlar centres, the centres of the facial muscles that 
produce the “expressions” of the face, the centres of masticating, 
swallowing, vomiting, sneezing, coughing, salivary secretion, 
and many others. 

If the whole fore-brain and the whole mid-brain of a mammal 
are removed, the respiratory movements and the work of the cir¬ 
culatory and digestive organs go on quite normally. But, on the 
otlier hand, if the separate centres of the pons and of the me¬ 
dulla oblongata are injured, the work of these organs is seriously 
affected. 

'I'lie respiratory centre of the medulla oblongata integrates 
and coordinates the work of the separate respiratory muscles, 
the centres of which are situated in tlic anterior horns of the 
gray matter of the spinal cord. If the spinal cord of a mammal 
is cut, — in other words, if the spinal cord is separated from the 
medulla oblongata, respiration immediately ceases, because the 
connection between the respiratory centre and the spinal centres 
of the different respiratory muscles is destroyed. This experiment 
shows that respiratory movements are regulated by the respira¬ 
tory centre through tlie medium of the lower centres of the spi¬ 
nal cord. 

In the same way, the medulla oblongata also integrates and 
coordinates the activity of several other lower centres of the 
spinal cord. 

Distribution of muscle tone. To preserve the equilibrium of 
the body and to keep it in a correct position requires the Iiighly 
intricate and integrated activity of all the skeletal muscles. The 
tone, that is, the tension, of each separate muscle must be in 
perfect harmony with the tone of the other muscles. If the tone 
of the extensors of the lower extremities is diminished, but the tone 
of the flexors remains unchanged, there is an over-balance on the 
side of the flexors; as a result, the legs double up and the person 
is unable to stand. 

Sometimes, in cases of injury to the facial nerve, the tone of 
the facial muscles, which produce expressions of feelings, is low¬ 
ered. If the injury affects only the right nerve, the muscle tone of 
the right side of the face is weakened, whereas the muscle tone 
of the left side remains normal. In such a case, the whole face is 
twisted to the left side. Cross-eyes, that sometimes occur in people, 
may be the result of the lowered tone of one of the muscles of 
the eye-ball. 

The maintenance of muscle tone, and, consequently, the preser¬ 
vation of the body in a normal position, is provided for by a 
stream of afferent impulses, among which the impulses coming from 
the muscles and joints are of special importance. These are per- 
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petuai signals as to the position of the body in space, and produce 
corresponding reflex actions that serve to maintain the correct 
position of the body. • 

Hie proper distribution of tone is destroyed if the mid-brain 
is injured. 

The otolithic mechanism and the semi-circuiar canals. The 

otolithic mechanism and the semi-circular canals are situated with¬ 
in the temporal bone, close to the organ of hearing (see coloured 
plate Vlll). 

The otolithic mechanism consists of two little sacs, on the 
inner surface of which there are sensory cells supplied with little 
hairs. Little lumps of crystals of lime — otoliths, are suspended from 
these hairs. Any change in the position of the head causes the 
otoliths to exert a pull on the little hairs, and thus the endings 
of the nerve fibres connected with the hairs are excited. Impul¬ 
ses coming from the otolithic mechanism produce reflex actions 
whicli help to maintain a correct position of the body. 

Three semi-circular canals, originating in one of the sacs of 
the otolithic meclianism, extend in three respective perpendicular 
planes. Any movement of the head agitates the fluid in the canals, 
and thus pressure is exerted on the sensory cells connected with 
the endings of the nerve fibres. The impulses aroused by this 
produce reflex actions that maintain the equilibrium of the body 
when in motion. 

Orienting, or focusing, reflexes. Any unexpected sound or light 
stimulus brings about an orienting reflex in a person. He is all 
attention and immediately turns his head in the direction of the 
sound or light that irritated him. 

In mammals, orienting or focusing reflexes to sound and light 
occur even when the whole fore-brain is removed, if only the 
mid-brain is left intact. The centres of these complex reflexes, 
so important because of their protective nature, are found in the 
aggregations of gray matter that form the corpora quadrigemina. 

The cerebellum. The surface of the cerebellum, which consists 
of gray matter, presents a corrugated appearance because of the 
great number of fissures. Impulses from all the muscles of the 
body, and also from the fore-brain, and especially from the cere¬ 
bral cortex, are directed to the cerebellum through the internun- 
cial neurons of the spinal cord and of the medulla oblongata. 

Like all the other divisions of the brain, the cerebellum takes 
part in tlie coordination of movements. If the cerebellum is injured, 
the result is a lack of orderliness and exactness in movements. 
When the cerebellum is removed from a dog, the dog’s gait be¬ 
comes unsteady; all its movements are clumsy and angular and are 
made with great difficulty; it is unable to approach the point of 
destination in a straight line, because all preciseness in the con¬ 
tractions of the separate muscles has disappeared (Fig. 123). A dog 
with its cerebellum removed is unable to seize at once a piece of 
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meat lying on the floor: it drops its head many times in vain 
attempts to grasp at the food, striking the ground hard with its 
muzzle, cither to one or the other side of the food; after many 
such vain attempts, the dog at last snatches up the meat as if it 
has come upon it by chance. 



Fig. 123. Movements of a dog whose cerebellum 
has been removed. 

In people, the functioning of the cerebellum is impaired in 
cases of certain diseases, and also in cases of drunkenness. Im¬ 
paired functioning of the cerebellum results in the lack of ability 
of a person, also, to coordinate his movements. 

The chief role of the cerebellum is to add precision to the 
force, duration and order of succession of the contractions of the 
separate muscles; in other words, to put the finishing touches to 
tlie movements and to polish them up. 


65. The functions of the fore-brain 

The thalamus and the subcortical centres. Impulses coming 
to the central nervous system from all parts of tlie body reach 
the anterior sections of the brain, and especially the cerebral cor¬ 
tex, through the internuncial neurons. However, before getting 
to the cortex, all the afferent impulses must absolutely pass through 
the thalamus of the inter-brain. The thalamus consists of gray 
matter and, consequently, is an aggregation of nerve cells. 
From the cells of the thalamus, the nerve fibres are directed to 
the cerebral cortex and also to the subcortical motor centres. 
(Fig. 124). 

The subcortical centres take part in the execution of complex 
movements. If tlie subcortical centres become diseased, the so- 
called auxiliary inoveinents are disordered, as, for example: the 
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swinging of the arms when walking, the changing expressions of 
the face when talking, etc. The face of the patient becomes set, 
without any motion, like a mask; or, vice versa, as a result of 
the excessive contractions of the muscles tliat produce the vary¬ 
ing expressions of the face, one grimace follows anotlier on the 
face. 


Besides this, the subcortical centres lielp to regulate the rhythmi¬ 
cally repeated movements (of walking, for instance), and also those 



complex reflex movements, 
connected with the manifes¬ 
tations of the instincts. 

The hypothalamic re¬ 
gion. Tlie masses of gray 
matter located under the 
thalamus are of great im¬ 
portance for the activity 
of the wiiole organism. The 
centres of the liypothalainic 
region regulate tlie proces¬ 
ses of metabolism and the 
activity of the internal or¬ 
gans. The projections td the 
nerve cells unite this region 
with the cortex and with 
the subcortical centres, as 


FiSJ. Ti l. Cross-section of the brain; a result of which a connec- 


/ —medulla oblongata; 2 —pons: .V —cerebellum; 4— tiOn IS Set UP betweCTl tllC 
inid-brain; .7—thalamus: tf — corpus striatum; 7 — co r At 

rcbral cortex; iV — pathway of the efferent fibres from IllOtOr rCaCtlOnS OI tll0 Of- 
the cerebral cortex to the spinal cord (the crossing of fyoniem 

the fibres i.s seen at the bottom); 9 - fibres connecting ^dUlblll, 1110 WUFK OI 1110 
the rigfjt and left cerebral hemispheres. internal OrgclllS, aild tll0 

processes of metabolism. 

The cerebral cortex. The cortex of the cerebral hemispheres 
is an organ of higher nervous activity. It provides for the reac¬ 
tions of the organism to the ever changing conditions of the envi¬ 
ronment. Impulses from tlie sense organs, the muscles, the ten¬ 
dons and the internal organs keep on flowing to the various 
sections of the cerebral cortex. The nerve pathways leading to the 
cortex cross each other; therefore, impulses from the left half of 
the body enter the right hemisphere, and those from the rigfit half 
enter the left hemisphere. 

The cerebral cortex is divided up into lobes — the frontal, 
parietal, temporal and occipital lobes. 'I'wo large fissures are 
seen in figure 125, /4. One of them (the transverse fissure) sepa¬ 
rates the temporal lobe from the frontal and parietal lobes; the other 
(the central fissure) serves* as a border line between the frontal 
and parietal lobes. 

The various parts of the cerebral cortex differ as to tiieir struc¬ 
ture and functions. The visual area, the activity of which produ- 
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ces visual sensations, is localized in the occipital lobe. The auditory 
area is localized in the temporal lobe. The centres associated with the 


Central fissure 



Fig. 125. Dislribulion of tlie centres in the cortex of the cerebral hemispheres 
on the outer (A) and inner (B) surfaces of the hemispheres: 


/ — centrt' for vision; 2 ~ motor centre; 5 — centre for tactile sensitivity; 4 — centre lor liearinf^; 
.5—centres for taste and s ncII; 6—motor centre for speech; 7 — auditory centre for speech; 

8 — visual centre for speech. 


sensitivity of the skin lie behind the central fissure, that is, in tlie ante¬ 
rior part of the parietal lobe. The motor area (Fig. 126) is situated in 
front of the central fissure, in the 
posterior part of tlie frontal lobe. 

In certain disorders of the 
brain, the separate parts of the 
cerebral cortex become affected 
and, as a result, disturbances arise 
in their corresponding functions. 

Thus, for example, a hemorrliage 
in the motor area brings about 
paralysis of the opposite half of 
the body; tlie pressure of a tumour in 
the visual area may cau.se blindness. 

The role of the separate sec¬ 
tions of the cerebral cortex lias 
been studied time and again dur¬ 
ing operations, when the skull is 
cut open and the .surface of the 
brain expo.sed. In such operations 
the patient is not narcotized. In 
order that he should feel no pain 
when the skin is cut and the 

skull opened up, special anesthetics, which act only on the place 
they come in contact with, are injected under the skin. There is 
no pain even when the brain itself is operated on. 'I'he patient 
is fully conscious all the time; the surgeon keeps on talking with 

197 




him during the operation, inquiring how he feels, and at the same 
time watching whether some vitally important centre is not acci¬ 
dently touched. If the visual area of the cerebral cortex is irrita¬ 
ted with an electric current during the operation, the patient has 
the sensation of a sudden flash of light passing before his eyes; if 
the motor area is irritated, the patient makes some movement or other. 

Irritation of a definite section of the motor area of the cortex 
always produces one and the same kind of movement. This means 
that each group of muscles has its own localized centre in the cortex. 

As investigations made by Mislavsky, Bekhterev, By¬ 
kov and other scientists have shown, there are areas in the cere¬ 
bral cortex, which, when irritated, influence the work of the in¬ 
ternal organs. There is a close and interrelated connection be¬ 
tween the cortex of the cerebral hemispheres and all the lower 
divisions of the brain; afferent impulses from the lower divisions 
of the brain enter the cortex, while efferent impulses from the 
cortex travel to the lower divisions. Thus, the work of all the 
organs of the body is controlled by the cerebral cortex, and this 
control is achieved by means of the other divisions of the central 
nervous system. 

The areas connected with the sense organs and the motor 
centre occupy a considerably smaller part of the cortex in the 
human being than in animals. But, then, about 30Vo of the whole 
surface area of the human cortex is taken up by the frontal lobe, and 
about 9V(, by the lower parietal area (Fig. 122). Both of these areas 
of the cerebral cortex differ widely, both in size and in structure, from 
the corresponding areas in animals, and thus they evidently play 
a very great role in the higher nervous activity of a human being. 

Articulate human speech is connected with special areas of the 
brain, which are lacking in animals. The so-called centres for 
speech are located in the cerebral cortex. The localization of the 
motor, auditory and visual centres for speech is shown in figure 125. 
Any injuries to these areas will bring about the loss of the abil¬ 
ity to speak, to hear spoken speech and to understand written 
speech. However, it is necessary to add that the functions of 
speech are not restricted only to these areas of the cerebral cortex, 
but tliat they are also connected with its other divisions. 

66. The vegetative nervous system 

The Innervation of the internal organs. That part of the pe¬ 
ripheral nervous system which connects the brain with the inter¬ 
nal organs is called the vegetative ‘ nervous system. There are two 

* Vegetative comes from the Latin word “vegetativus*--plant. In the first 
half of the 19th century the functions of the organism were divided into those 
of animals (movements) and those of plants (nutrition, respiration, eiimination 
and others). The nerves leading to the “organs of plant life* were named 
vegetative. 
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divisions of the vegetative riefvoiis system: the sympathetic and 
parasympathetic systems. ’ The internal organs have a double 
innervation: each of them receives impulses from the central 
nervous system botli through the sympathetic and parasympathetic 
divisions of the vegetative nervous system (see coloured 
plate VII). 

The connection between the vegetative nervous system and 
the brain. Vegetative nerves issue only from certain divisions of 
the brain. 

The nerves of the sympathetic system have their origin in the 
spinal cord, on a level with the thoracic and upper lumbar verte¬ 
brae. The parasympathetic nerves issue from separate sections of 
the medulla oblongata and of the mid-brain, and also from the 
lower part of the spinal cord. 

The vegetative nervous system has a two-fold connection with 
the brain: the nerves of the vegetative nervous system are com¬ 
posed of both afferent and efferent fibres. 

Those sections of the brain from which impulses travel to the 
vegetative nervous system are usually called vegetative centres. 
Thus, for example, the cardio-vascular, food and other centres in 
the medulla oblongata are vegetative centres. The centres of the 
hypothalamic region, which are connected with the processes of 
metabolism and with the activity of the internal organs, are often 
called th? higher vegetative centres. However, all these centres 
are under the control of the cortex of the cerebral hemispheres 
and are closely connected witii all the other divisions of the brain. 
This, for example, explains the connection between the work of 
the heart and the activity of the muscles. 

The sympathetic system. Bundles of sympathetic fibres, issu¬ 
ing through the anterior roots of the spinal cord, extend to the 
two sympathetic trunks situated on either side of the spinal 
column; on the sympatlietic trunks there are a number of enlarge¬ 
ments or ganglia, formed by aggregations of sympathetic nerve 
cells. Numerous bundles of fibres pass from the sympathetic trunk 
to all the organs of the body. Aggregations of nerve cells are 
also found along the pathways of these bundles of fibres, especially 
on the walls of the large arteries and in the internal organs them¬ 
selves. 

A very large aggregation of nerve cells lies on the aorta in 
the abdominal cavity. This aggregation is called the solar plexus. 
Even a slight irritation of the solar plexus causes a reflex change 
in the activity of the heart and of other internal organs; a violent 
irritation may bring about a complete cessation of the heart con- 

* Sympathetic comes from the Greek word “sympathes”. This term origina¬ 
ted long ago, when it was thought that there was a connection or “sympathy’ 
between the internal organs, brought about with the help of special nerves. 
Parasympathetic means — at the side of the sympathetic — from the Greek word 
“para”, meaning — near, at the side of, alongside of. 
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tractions. This explains the loss of consciousness that sonietiines 
follows a strong blow on the stomach. P'rom tlie solar plexus, tlie 
sympathetic fibres are directed to the stomach, tlie intestines, the 
liver, the kidneys and to all the otlier organs of the abdominal 
cavity. 

Tlie sympathetic patliway from tlie spinal cord to any organ 
consists not of one neuron, but of two; the body of one of these 
is found in the spinal cord (in the lateral protuberances of the 
gray matter), and the body of the other is in one of the sympa¬ 
thetic ganglia. 

The sympathetic fibres, issuing from the spinal cord, lead to 
the nerve cells of the sympathetic ganglia and terminate there; 
these fibres have a thinner sheath. The long projections of the 
cells of the sympathetic ganglia, leading directly to the organs 
of the body, have no white sheath at all; they are, therefore, of a 
grayish colour, and are very much finer than the fibres of the 
motor nerves. 

The rate of conduction of excitation in the sympathetic fibres 
is usually not over one or two metres per second, whereas the 
rate of conduction in the motor nerves is about lOf) metres a 
second. 

The sympathetic innervation of the skeletal muscles. Some 
fibres are directed back from the cells of the sympathetic trunk 
to the anterior roots of the spinal cord and, together with the 
efferent (motor) fibres, extend to all the skeletal muscles. At one 
time it was considered that these fibres exerted influence only 
on the blood vessels. However, the Soviet scientist, Orbcli, de¬ 
termined the fact tliat there was sympathetic innervation of the 
muscle fibres. Although the impulses which travel along the sym¬ 
pathetic fibres do not cause contractions of the muscles, they, 
nevertheless, have a tremendous influence on the working capacity 
of the muscles. 

This may be shown by moans of an experiment. Every muscle 
may be brought to a state of fatigue by compelling it, through 
the stimulation of the motor nerve, to keep on contracting rhyth¬ 
mically for a long time. But if, in addition to the rhythmic stim¬ 
ulation of the motor nerve, the sympathetic fibres are stimulated, 
the contractions of the fatigued muscle gain in force at once 
(Fig. 127). 

The parasympathetic system. The parasympathetic system 
innervates the internal organs mainly. 

Most of the internal organs are supplied with nerve fibres by 
the vagus nerve. On issuing from the medulla oblongata, the 
vagus nerve passes to the thoracic cavity and then to the ab¬ 
dominal cavity. On its way it gives off branches to the respiratory 
organs (the larynx, trachea, bronchi, lungs), to the heart and to 
the digestive organs (the oesophagus, stomach, small intestine, 
pancreas, liver). 
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1 he urinary bladder and the large intestine are supplied with para¬ 
sympathetic nerves that issue from the lower part of the spinal cord. 



Fig. 127. Influence of the sympathetic system on the work of a 

muscle: 

1 -- record of the contractions of a frog’s muscle that has been working a 
long time (fatigued!: 2 — indication of the stimulation of a sympathetic 
nerve (the arrow pointing upward indicates the tiegiiining of the stimulation: 
the arrow pointing downward indicates the end of the stimulation): intensi¬ 

fied contractions in response to the stimulation of the sympathetic iien e. 


The significance of the two-fold innervation of the internal 
organs. Sympathetic and parasympathetic nerves, carrying impulses 
to one and the same organs, act upon them in opposite ways. 
(Table :5). 

Table 3 


Sympathetic and parasympathetic influences on the activity of the various 

organs 


The name of the organ 

Sympathetic influence 

Parasympathetic infl uence 

The heart 

The blood vessels of the skin 
and of the organs in the ab¬ 
dominal cavity. 

Intensification and 
acceleration of the pul¬ 
sations 

Constriction 

Slowing up of the 
pulsations 

Dilation^ 

The bloodvessels of the heart 
and of the skeletal muscles 

Dilation 

Constriction ‘ 

The intestinal canal 

The urinary bladder 

Decreased peristalsis 
Relaxation 

Increased peristalsis 
Contraction 

The eye 

Dilation of the pu- 
pil 

Constriction of the 
pupil 


1 The greater part of the vascular area is parasympatlietically influenced 
not through the parasympathetic nerves, but in another, more complex way. 
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The intensity of the impulses travelling along the sympathetic 
and parasympathetic systems may change considerably. This im¬ 
mediately produces some change or otlier in tlie work of the 
organs. The two-fold innervation makes tlie work of the organs 
more precise and more varied, which, in its turn, provides for 
the greater adaptability of the organism to its changing needs. 

REVIEW OUKSTIONS 

1. What is the significance of the nervou.s system? 

2. What are the properties of nerve tissue? 

3. What is a reflex? What is meant by a reflex arc? 

4. What is the importance of afferent impulses? 

5. What experiments may prove that inhibition processes go on in the 
central nervous system? 

6. What parts of the brain are developed from the posterior, mid- and 
anterior cerebral vesicles of the embryo? Find all these parts of the brain in 
the figures. 

7. What is the arrangement of the white and the gray matter in the spi¬ 
nal cord and in the cerebral hemispheres of the brain? 

8. What are the chief features in the evolution of the brain of verte¬ 
brates? 

9. How does the brain of a human being differ from that of a mammal? 

10. What are the functions of the medulla oblongata? 

11. How is muscle tone maintained, and how is the normal position of 
the body preserved? 

12. What role does the cerebellum play? 

13. W'hat are the functions of the fore-brain? 

14. How are movements coordinated? 

15. What arc the peculiarities of the structure and functions of the vege* 
tative nervous system? 

16. From what parts of the central nervous system do the sympathetic and 
parasympathetic nerves issue? 


67. The sense organs 

Receptors. In all the organs there are receptive nerve endings, 
or receptors, which transmit excitation to the central nervous sys¬ 
tem. Afferent impulses, travelling from the receptors, are a neces¬ 
sary condition for the activity of the nervous system, because 
they maintain its excitability on a certain definite level. Besides 
this, these impulses serve as the source of the reflex activity of 
the organism. 

Some of the receptors are located witliin the body and are the 
receptive agents of irritations aroused in the internal organs, the 
muscles, tendons, joints; others are found on the surface of the 
body and serve as receptive agents of stimulations from the exter¬ 
nal world. 

The specialization of the receptors. Receptors of the simplest 
type as to their structure are the so-called free nerve endings 
(Fig. 128, /). They are put into a state of excitation by any vio- 
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lent irritation caused by compression or tension, heat or cold, the 
action of chemical substances, etc. 

Other receptors are of a more complex structure, as a result 
of which they are very easily affected by the action of particular 
kinds of stimuli and, at the same time, are protected from the 
influence of other kinds of stimuli. 


Thus, for example, there are nerve endings in the skin which 
wind themselves round the roots of the hair (Fig. 128, 2). Since 
they are located in the deep layers of the skin, these receptors 
are not easily accessible to 
the action of such external 
stimuli as heat and cold. 

However, they are easily 
stimulated by the slightest 6 
movement of the hair, which 

may be caused by merely - - '* 

touching the hair lightly, ^ 

or by the blowing of a s 

gentle breeze on it. . 

Other skin receptors, 

enclosed in thick capsules ' 

(Fig. 128, 5 and 6), are 

not very sensitive to the 

touch or to pressure; but 

then, the slightest cliange 

in temperature produces ex- 

citation in them. )|l 

Thus, due to the pecu- j, ,.^g . 

liarities of their structure, , 

_/ — free nerve endings; 2 — nerve ending at the root 

the receptors 3re lllgnly of a hair; 3 and 4 — tactile corpuscles; S and 6 — 

specialized; that is, they can n®"® “'»• »eat 

be brought to a state of 

excitation only by particular kinds of stimuli, specific for each 


Fig. 128. Skin receptors: 

I — free nerve endings; 2 — nerve ending at the root 
of a hair; 3 and 4 — tactile corpuscles; S and 6 — 
nerve endings that serve as receptors of heat 
and cold. 


type of receptor. 

The sense organs. Each specialized receptor is a highly sensi¬ 
tive apparatus for signalling the definite changes which go on in 
the surrounding medium; this gives the organism the possibility 
to react to stimulations in exact relation to their character. These 


signalling apparatuses are called the sense organs, because it is by 
means of them that we feel and perceive the world surrounding 
us, and also our own bodies. 

The reflection of the external world in the consciousness 


of man. Objects and phenomena in the external world, acting si¬ 
multaneously on the various sense organs, produce a great many 
sensations in us. When we hold an apple in our hand, we see it, 
touch it, smell it and feel its weight; when we bite it, we can 
determine its taste. Each separate sensation reflects in our con¬ 
sciousness some definite property of the apple. 
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The source of all our sensations are objects and phenomena 
that really exist in tlie world surrounding us. Objects and pheno¬ 
mena act on the sense organs. The impulses aroused in the sense 
organs are carried to the corresponding parts of the cerebral cor¬ 
tex, where a psychical process, called a sensation, is aroused. 
As a result of the complex activity of the cerebral cortex, percep¬ 
tions, based on sensations, are formed, which are reflected in our 
consciousness — not as separate properties (colour, smell, taste, 
weight and others), but as things and phenomena as a whole. 

Thus, due to the activity of the sense organs and of the 
brain, we perceive the outside world by reflecting it in our con- 
.sciousness. 

The elimination of errors of the sense organs. Tho.se stimuli 
to wliich a given sense organ has adapted itself are called natural 
or adequate stimuli. However, the same type of sensations may 
be obtained by the action of a stimulus to which a given 
sense organ is unaccustomed; sucli stimuli are known as inade¬ 
quate ones. 

Under ordinary conditions, liglit receptors are inaccessible to 
any other kind of stimuli except light, which passes readily through 
the transparent parts of the eye. Light is a natural, adequate 
stimulus for the visual organ and produces the appropriate sen¬ 
sation in it. 

However, there are cases when a sensation of light may be 
brought about by the action of inadequate stimuli. During an oper¬ 
ation, when an eye is removed and the visual nerve cut, the 
patient has a sensation of a momentary flasli of light. A violent 
blow on the temple, creating a disturbance in the eye and a mech¬ 
anical irritation of the optic nerve, will also produce a sensation 
of light (this is how the expression “to see stars” came about). 
No matter in what way the nerve is irritated, it will send impul¬ 
ses only to the visual area of the cortex of the cerebral hemi¬ 
spheres, and, as a result, a sensation of light will be produced. 

It might appear that the creation of the same type of sensa¬ 
tions by the action of different kinds of stimuli on one and the 
same sense organ should result in continual errors and prevent us 
from getting the correct reflection of surrounding objects and 
phenomena in our consciousness. However, this is not so in 
reality. 

Firstly, on the basis of his daily experiences in life, a person 
can easily distinguish between normal sensations, received by the 
action of adequate stimuli, and sensations that are indefinable, 
vague, which are created by the action of unusual, unnatural 
stimuli. We never mistake a noise or a ringing in the ears — the 
result of a rush of blood to the auditory organ —for sounds in 
the external environment. 

Secondly, sensations received by one organ are always verified 
by other sense organs. 
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The practical activity of a person and the experience life''givcs 
him, and also-the reciprocal control of the sense organs, facili¬ 
tate the correction of any possible errors, and, as a result, objects 
and phenomena in the world about us are reflected correctly in the 
consciousness of a person. 

The sensitivity of the receptors. In relation to natural stim¬ 
uli, the sense organs possess an unusually high degree of sensi¬ 
tivity, often excelling the sensitivity of the most exact physical 
instruments. 

If the atmosphere were perfectly transparent and did not absorb 
light, then that power of light which a candle has at a distance 
of over 30 kil. would be sufficient for the excitation of the recep¬ 
tors of the eye. 

Although the sense of smell is much less developed in a human 
being than in many animals, a person is sensitive, nevertheless, 
to the odours of various gaseous .substances, the quantity of which 
contained in one litre of air does not exceed several ten-thousandths 
or even hundred-thousandths of a milligram. 

Adaptation to the strength of a stimulus. A remarkable prop¬ 
erty of the sense organs is their capacity to change their sensi¬ 
tivity to conform with the strength of the stimulus. 

In the bright sunlight, the sensitivity of the visual organ is 
many thousands of times lower than in the dark. That is why a 
person coming out of a brightly lighted room into a semi-dark 
corridor, will see nothing at first. But, gradually, the visual re¬ 
ceptors adapt themselves to the weak light, and the person begins 
to distinguish clearly the objects surrounding him. When the re¬ 
ceptors adapt themselves to the darkness, their sensitivity increases 
to .such a high degree that a sudden approach to a bright light 
blinds the eyes. 

On first entering an unventilated room full of people, a person 
experiences a strong, unpleasant odour. But after some time he, 
so to say, “snuffs up” the air, and does not feel the bad odour 
any longer. This is explained by the fact that the sensitivity of 
the olfactory receptors is lowered. 

Adaptation to the strength of a stimulus provides for the nor¬ 
mal work of the sense organs under the most varied conditions 
in the surrounding medium. 


68. Receptors of the skin, the mucous membranes 
and the organs of movement 

Skin receptors. As the result of the action of stimuli on the 
surface of the skin, a person gets sensations of touch, heat, cold 
and pain. By bringing the point of a well-sharpened pencil in 
contact with the skin, we find that various receptors exist for each 



of these sensations: in some spots we get tactile sensations; in 
otliers, sensations of heat, cold or pain. 

The existence of separate kinds of receptors for the different 
sensations has been confirmed by observations made of patients. 
In certain diseases, people lose all tactile sensations, although they 
retain the sensitivity to pain. On the other hand, in cases of small 
operations, when a local anesthetic is administered, that is, a small 
portion of tlie skin is made insensible to pain, the patient feels 
the touch of the surgeon’s knife, but has no sensation of pain. 

The receptive nerve endings are unevenly distributed in the 
skin. Thus, there are 10 to 15 tactile points or “spots” on a space 
of one sq. cm. of the skin of the leg, while in the different parts 
of the skin of the face and of the hands the number of “spots” 
may be 150 or even 300. 

The acuteness of ttie sense of toucli is determined, to a great 
extent, by measuring the smallest distance at which two simulta¬ 
neous contacts may be felt separately. If the ends of a pair of 
compasses, separated by 50 or 60 mm., are brought into contact 
with the skin of the back, only one tactile sensation will be felt, 
and not two. Only wlien tlie ends of tlie compasses are separated 
by a greater distance will there be two separate sensations. In 
various parts of the skin of the forearm, two tactile sensations 
are felt at a minimum distance of 30 to 40 mm. between the ends 
of the compasses. On the tips of the fingers and on the tip of 
the tongue two separate tactile sensations are obtained even wlicn 
the distance between the ends of the compasses is one or two 
millimetres. 

The org^ of smell. The organ of smell is located in the 
mucous membrane of the upper part of the nasal cavity. Its recep¬ 
tors — the olfactory cells — are sensitive only to gaseous substan¬ 
ces; liquids do not arouse any excitation in them. Therefore, if 
liquids are introduced into the nose, no sensation of smell may 
result; an olfactory sensation may be obtained only by “sniffing” 
at a liquid, when the gaseous particles are separated from the 
liquid. 

Inspired air passes through the lower part of the nasal cavity. 
However, by means of diffusion, molecules of odoriferous matter 
get into the region where the olfactory cells are localized. 

In animals, the organ of smell, together with the organs of 
sight and hearing, helps them to orientate themselves in the con¬ 
ditions surrounding them; for example, to scent the presence of 
an enemy or of prey. 

The organ of taste. The taste buds (Fig. 129,130) are located 
in the mucous membrane of the mouth cavity, and especially on 
the surface of the tongue. Nerve fibres, issuing from the taste 
buds, transmit impulses to the medulla oblongata, and from there 
the impulses are transmitted to the taste nerve centre in the ce¬ 
rebral cortex. Only substances in a soluble state may serve as 



stimuli of the taste receptors: the sweetness of sugar is felt only 
when it begins to melt in the mouth. 

If some fine little paint-brushes, each of them soaked in a so¬ 
lution of a substance with a specific taste, are very carefully 
brought into contact with various points on the tongue, it is not 
difficult to determine the existence of 


separate receptors for sweet, bitter, salty 
and sour substances. 

In the human being, taste is closely 
connected with smell. Both of these 
sense organs help the human being to 
make a fine discrimination between the 
various kinds of food substances, and 
to determine whether they are fit for 
food or not. In eating onions, apples, 
bread or any other food, stimuli of 
varying strength act on the various 
taste receptors; simultaneously, the ol¬ 
factory cells arc excited by the odour pig. 129. Upper surface of 
of the stimulus. The result is a complex the tongue (papillae are seen), 
sensation, which we characterize as the 

taste of a certain food. In cases of a severe cold in the head, when 
the olfactory receptors do not function, food seems to be tasteless. 

Sensations concerned with the position of the body. At every 
change in the position of the body, excitation is aroused in the 
receptors situated in the organs of movement - mnsc\i:is, tendons, 
the joint capsules and ligaments. 

As a result, impulses are created that serve as the source of 
sensations concerned with the position of the separate parts of 




Fig. 130. Diagram of the structure 
of a papilla: 


1 —■ taste buds: 2 — nerve fibres issuing 
from them; 3 —> mucous glands. 


the body, with movements per¬ 
formed, and also with the weight 
of objects, that is, with the amount 
of muscle tension that is necessary 
for holding or carrying an object. 

In certain diseases of the spinal 
cord, afferent nerve fibres, carry¬ 
ing impulses from the lower extre¬ 
mities to the brain, are injured. The 
efferent nerve pathway, along which 
itnpulses travel through the spinal 
cord to the muscles of the legs. 


remains intact. The patient may make 


any movement with his legs and feet. But since he does not receive 
any sensations from the muscles and joints of the lower extremities, 
he does not know in what position his legs are — whether they are 
bent or straightened out. A patient suffering from this disease 
must always look down at his legs and feet when walking, other¬ 
wise he is unable to coordinate their movements, and falls down. 
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Impulses coming from the otolithic mechanism and the semi¬ 
circular canals are of great importance for the sensations that 
are associated with the movements of the body and with the 
maintenance of its equilibrium. 

Problems, 1. Perform tlie following experiment: put one hand into warm 
water and the other into cold water; then pul both hands at the same time 
into a vessel of cool water (of room temperature). How can you explain tlie 
sensations of different temperature in the right and in tlie left hand? 

2. Take a horse-hair or a thin bristle about 3 or 4 cm, in length, and fasten 
it to a small stick with a piece of wax or with a small piece of softened bread. 
Holding the stick in one hand, carefully touch with the hair various parts of 
the skin on the back of the wrist of the other hand, near the joint between 
the wrist and the forearm. If you have enough patience, you will note that 
the contact of the hair will produce a tactile sensation in some places; in 
others it will feel like a prick, and in still others there will be sensations ol 
heat and cold. How do you explain this? 


69. The eye 

The structure of the eye. The organs of sight, tlie eyes (see 
coloured plate VIII), are set in deep sockets - the orbits, in the 
skull. The eye-balls move freely in tlieir sockets, or orbits, and can 
turn easily in various directions with the help of the eye muscles. 
The eyes are protected in front by the eyelids. Within tlie orbits, 
in the outer corners of the eyes, are the lachrymal ox tear glands; 
these .elands secrete a fluid — the lachrymal fluid — which keeps 
the surface of the eye-ball moist and thus prevents it from drying 
up. The excess lachrymal fluid passes off tlirougli ducts into the 
nasal cavity. 

The interior of the eye-ball is filled witli a semi-fluid, trans¬ 
parent, jelly-like substance — the vitreous body. 

The wall of the eye-ball consists of three layers or coats. 

A thick white opaque coat —■ the sclera, covers tlie outer sur¬ 
face of the eye; in front, the sclera merges into the cornea. 

Under the sclera is the vascular coat of the eye-ball, which 
is richly .supplied with blood vessels. On the inner .surface of tliis 
vascular coat there are cells, filled with a black pigment, which 
makes the wall of the eye impermeable to light. 

The iris, situated behind the cornea, is continuous witli the 
vascular coat. The iris contains a great amount of pigment, whicli 
gives the eyes their various colours. In the centre of the iris there 
is a round opening - the pupil. The contraction of the smooth 
muscle fibres of the iris produces constriction and dilation of the 
pupil. Thus, by becoming larger or smaller, the pupil controls the 
amount of light that is admitted to the eye. 

Just back of the pupil lies the transparent crystalline lens, 
which is doubly convex in shape. With the help of the ciliary 
muscles, the crystalline lens may be stretched or relaxed, that is. 
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it either flattens out more or becomes more convex. Between the 
cornea and the crystalline lens there is a small space filled with 
a watery fluid. 

The third and innermost coat of the eye-ball is called/Ae retina. 

Extending from the retina are the fibres of the optic nerve, 
wliich issues from the posterior side of the eye-ball. 

The rods and cones. In the retina there are vast collections 
of cells - rorfs and cones- compactly arranged and sensitive to 
light rays. It is considered that the number of cones in the human 
eye is about seven million, and tlie number of rods — several 
liundred million. 

A ray of light that falls on the retina produces, in the rods 
and cones, chemical changes which, in their turn, set up excitation. 
The excitation of the rods and cones spreads firstly to the first 
row of nerve cells and then passes on to the second row; here the 
projections of the nerve cells from all parts of the retina unite to 
form the optic nerve issuing from the eye (Fig. 131). The excita¬ 
tion is directed to the brain along this nerve. 

Daylight and twilight vision. The cones of a liurnan being are 
concerned with colour perception, while the rods are concerned 
only with tlie perception of light. The cones have comparatively 
little sensitivity; they therefore cease functioning at dusk, so that 
a person cannot distinguish colours at that time. The rods, on tlie 
otlier hand, possess a high degree of sensitivity. 

An insufficient quantity of certain vitamin's in food, and also 
other things, may cause a disease called night-blindness. This 
disease destroys the functions of the rods: when there is bright 
daylight, the sight remains normal, but when it begins to get dark, 
a person suffering from this disease sees nothing. 

The peculiarities of sight of various animals may be explained 
by tlie predominance, in the retina, of cones (that is, -of the 
mechanism of daylight, colour vision), or of rods (the mechanism 
of twiliglit, colourless vision). Many night animals (the bat, the 
owl) have practically no cones in their eyes. On the other hand, 
the hen, and other birds that sec in the daytime, have only cones 
in their retinae, and almost no rods. 

The yellow spot. There is a yellow spot in the centre of the 
retina, directly opposite tlie pupil. There are no rods in its central 
part, but tliere is an abundance of cones here, packed close to one 
another. This part of the eye is extremely sensitive to daylight, 
so that objects whose images fall upon the yellow spot are seen 
more clearly than other objects. When looking at some object, the 
eyes, by means of the muscles, are directed in such a way that 
the image of the object looked at falls on the yellow spot of each eye. 

The blind spot. At the point where the optic nerve leaves the 
retina, there are no cells at all that are sensitive to light. This 
spot, called the blind spot, is not irritated by light. Tlierefore, we 
do not see objects whose images fall upon the blind spot. 
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Rays of Light 

Fig. 131. Diagram of the structure of the retina: 

I — part of the vascular coat bordering: on the retina; II — 
layer of pigment cells; III — layer of rods and cones; 
IV and V — two successive rows of nerve cells which 
receive impulses from the rods and cones; / — rods; 2 — 
cones; 3 — nuclei of the rods and cones; 4 — nerve fibres. 
The nerve cells of the retina in a state of excitation 
brought about by the action of light rays are indicated in 
white. 


the small circle nearest to the cross will disappear; then the large 
circle will become invisible and finally the third; note that when 
one circle disappears from the visual field, the other two remain 
visible. 

The images of objects on the retina. Rays of light enter the 
eye through the transparent cornea, and passing through the watery 
fluid,' the crystalline lens and the vitreous body, fall^'upon the 
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retina. A pencil of rays of light radiates from each point of an 
object that we look at. The rays are refracted when passing through 
the transparent mediums of the eye, and then converge in one point 
on the retina. Due to the presence of pigment on the inner surface 
of the vascular coat, the rays are absorbed. This prevents the re¬ 
flection, or diffusion, of light. 



Fig. 132. Experiment by means of whioli the blind spot in the eye 

may be found. 

Close the left eye and look at the cross in the pictur.' with the right eye. Mold the 
book at a distance of about IfS cm. fro;n the eye. As the book is gradually moved away 
from the eye, the image of one of the three circles falls on the blind spot; as a 
result this circle disappears fro n the visual field. 

Pencils of rays from the different points (d an object fall upon 
various points of the retina. As a result, an inverted and dimin- 
utive image of the object is obtained on tlie retina (Fig. 133). 

Accommodation. 'I'he normal liuman eye can see clearly objects 
that are close to it, as well as tliose that are at a distance from 
it. The ability of the eye to adapt itself to see objects distinctly 
at varying distances is called accoiriinodation. Accommodation of 



Fig. 133. Di<ngrani showing liow the image of an 
object is obtained on the retina. 


the eye is accomplished by means of changes in tlie convexity 
of the crystalline lens. 

Special fine ligaments pull violently at the crystalline lens and 
give it a flatter form. When the lens is in this state, parallel rays 
of light, in other words, rays coming from distant objects, con¬ 
verge on the retina. 

When the ciliary muscle contracts, tlie tension of tlie crystal¬ 
line lens is relaxed. The stronger the muscle contraction, the weaker 


211 



the tension of the crystulline lens niul, consequently, tlie more 


convex the lens will become. 



Fig. 13'F Diagram of the aceonimo- 
dalion of a normal eye: 


1 — path of rays from an objoct st'en at a 
distance (Without accommodation): 2 — path 
of rays when there is maximum accom no- 
datio'n: the blackened part of the clirystal- 
line It ns denotes tile increase in its ron- 
\ fxity. 


The refraotioii of the rays is also 
intensified accordingly. Now it 
is not parallel rays which are 
brought to a point on the retina, 
but radiating rays .coining from 
objects close at liand (Fig. 134). 

In children, tlie crystalline lens 
is very elastic and its convexity 
may be increased very much. With 
age, the elasticity of the lens grad¬ 
ually diminishes; this means tiiat 
the power of accommodation be¬ 
comes weaker, so that it is im¬ 
possible for a person to see objects 
that are close to him. A child may 
see an object clearly at a distance 
of 6 to H cm. from its eyes. For 
an adult with normal vision, tlie 


nearest point at wliich he can see objects distinctly is at a greater 
distance (Table 4). 

The elasticity of the crystalline lens of middle-aged people, and 
especially of old people, is so greatly diminished tiiat the power 
of accommodation becomes in¬ 


sufficient. In such cases, in or¬ 


der to see objects at a short 
distance, it becomes necessary 
to intensify the refraction of 
light rays artificially by wear¬ 
ing glasses with double convex 
lenses. 

Short-sightedness and long¬ 
sightedness. With some people, 
when their eyes are in a state 
of rest, a pencil of parallel rays 
from a distant object converges 
at a point, not on the retina, but 
either in front of it or behind 
it. In most cases this is due to the 


Changes in the power of 
accommodation (depending 
upon age) 



Till* distance Ironi tlif* eve lo 


tlie nonrcsl point at wliich an 


object is distinctly seen 

JO years 

7 r/ti. 

20 » 

10 , 

30 , 

. 

40 . 

25 , 

^ n 

40 , 

00 , 

1 in. 

<0 , 

4 . 


incorrect shape of the eye-ball. 

Eyes in which parallel rays converge behind the retina are 
called long-sighted (Fig. 135). In cases of long-sightedness, the 
crystalline lens becomes more convex even when the person is 
looking at distant objects. In other words, the power of accommo¬ 
dation is partially used up in looking at distant objects. The lens 
must become very much more convex before a person is able to 
see objects that are near him. However, it is clear that, with long¬ 
sighted people, the nearest point at which an object can be seen 
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distinctly is at a considerable distance from the eyes, even wlien 
there is Kiaxiiiiuni accoininodation. 

Long-sightedness may be corrected by wearing glasses with 
double convex lenses; such glasses are also prescribed when the 
power of accommodation is weakened due to age. 

If parallel rays converge in front of the retina, a person is 
said to be sliort-sighted (Fig. 136). In cases of short-sightedness, 
only radiating rays, coming from an object near at hand, may 




Fig. Kio. Diagram of the accommoda¬ 
tion of tlic eye in a far-sighted person; 


/ — wittioiit accoin nodation (thr parallel rays 
cross behind the retina): 2 — partial acco nino- 
dalion when looking at o far-off obj(?ct: 3 — 
path of rays wlien there is maxiinuni accom¬ 
modation; 4 — correction of the sight by means 
of convex lenses (spectacles). 



Diagram of tlie accommoda¬ 
tion of the eye in a short-siglued person: 

I — without accominodalioii (the parallel rays 
cross in front of the retina); 2 — the most dis¬ 
tant point at which an object is seen clearly 
(without acco nmodationj- 3 — the nearest point 
at which an object is seen clearly (with maxininm 
accommodation: -/—correction of the sight by 
means of concave lenses (spectacles). 


come to a point on the retina. Distant objects appear dim and 
blurred. In severe cases of short-sightedness, the most distant point 
which the eye can see distinctly is 15 to 20 cm. away from it, 
and sometimes even less. Thus, as a result of accommodation, a 
short-sighted per.son may see well objects that are very close up 
to the eyes. To correct short-sightedness, glasses with concave 
lenses are prescribed, so that refraction is lessened, tifus allowing 
parallel rays, coming from distant objects, to converge on tlie 
retina. 

Qaesttons. What animals that you know have a predominant “rod” vision? 
What animals have a predominant “cone* vi.sion? 

Problems. 1. Use the figure In the book to locate the blind spot in your 
eye. Answer the following question: How is the blind spot located in relation 
to the yellow spot? (Which of them is nearer to the nose?) 


213 




2. Ask a clasvSinate of yours to stand witli his face toward the light. Note 
the width of both of his pupils. Ask your classmate to close his eyes and to 
cover them with his hand. In 30 to 60 seconds tell him to open his eyes. 
Notice carefully the change in the pupils. How can you account for this change? 

3. Prick a sheet of paper with a pin, and through the little hole look at 
some small print in a book, holding the book 2 or 3 cm, away from the eye. 
This experiment must be made under a good light. How can you account for 
the fact that the letters are distinctly seen? Why do people with poor sight 
screw up their eyes when they want to see an object more distinctly? 

4. Watch the change in the pupils when the eyes are fixed on a distant 
object and are then quickly transferred to an object close to the eyes. Explain 
the significance of the constriction of the pupil when looking at an object 
close at hand. 


70. The hygiene of vision 

Lighting. A groat strain is exerted upon the eyes in reading, 
and also when performing many kinds of fine work. In order to 
safeguard the normal activity of this most important sense organ, 
it is necessary to observe the elementary rules of hygiene for the 
sight. 

The first thing to do is to see that the room we work in is 
well-lighted. A good light is one that will allow a person with 
normal sight to read freely a book with small print at a distance 
of 50 cm. from the eyes, if the light is poor, a person is obliged 
to bend over his work and to strain his eyes very much. Some¬ 
times the light becomes poor because of the layer of dust which 
covers tlie window-panes, the electric bulbs or the lamp shade; 
therefore, it is necessary to keep all these clean. 

Too strong a light is also harmful: a bright light blinds the 
eye and irritates it, and if the irritation continues for a long time, 
various disorders of the eye may result. 

The importance of an even distribution of light and the cor¬ 
rect position of the source of light cannot be over-estimated. In 
artificial lighting, a reflected light is best — when the rays of the 
lamp are directed upwards to the ceiling and are then reflected 
back and evenly distributed in the room. The position of the 
source of light should be such that the light will not blind the 
eyes, but will be strong enough to light up the place of work 
well. In writing, the light should not come from the right side, 
in order to avoid having the shadow of the hand fall on the copy¬ 
book. 

Correct lighting increases the working capacity and diminishes 
the general fatigue of the whole organism; this is especially true 
of visual fatigue, usually caused by over-strain of the visual organ. 
Frequent and prolonged eye strain is the cause of short-sighted¬ 
ness, and weakens the keenness of one’s sight. 

The hygiene of reading and of writing. When reading or 
writing, the strain on the eyes is greatly increased as a result of 
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intensified acconiniodation, and sometimes the strain is also due 
to an incorrect position of the head. To avoid over-strain of the 
eyes, one must sit erect without bending the head; the book or 
copy-book should be placed at a distance of about 35 cm. from 
the eyes, in a slanting position preferably, at an angle of 20° to 
30° from a horizontal plane. 

It is harmful to read when lying, especially on one’s side. 

When reading for a long time, one should stop from time to 
time, even if only for a few minutes, in order to rest the eyes. 
When resting the eyes from reading, it is useful to fix them upon 
some distant point to weaken the accommodation. 

If the eyes tire very quickly when reading, it is absolutely 
necessary to consult a doctor and find out whether long-sightedness 
has not set in. 

In cases of long-sightedness, as in short-sightedness, one should 
wear glasses prescribed by a doctor. 


71. The organ of hearing 

Perception of sound vibrations. We get sensations of sound, 
created by the vibrations of various bodies, through the medium 
of the organ of hearing. 

Sound waves, in tlie form of alternating condensations and 
rarefactions of the air, spread in all directions from the source 
of sound, that is, from a vibrating body. Ihe pitch of a sound 
depends upon the frequency of the vibrations of a body. The 
human ear may perceive sound waves travelling with a frequency 
of 20 to 20000 per second. 

The external and the middle ear. The organ of hearing is 
divided into three parts: the external, middle and internal ear 
(see coloured plate VIll). 

The external ear consists of the auricle and of the external 
auditory meatus, which leads to the thick part of the temporal 
bone, where the middle and the internal ear are located. A thin 
but very compact tympanic membrane (the ear drum) separates 
the auditory meatus from the cavity of the middle ear, where a 
chain of three small bones, the auditory bones, are located; be¬ 
cause of their shape, these are called the hammer, the anvil and 
the stirrup. The hammer is attached to the inner surface of 
the tympanic membrane, while the stirrup is firmly fixed to 
the membrane which closes up the opening leading to the inter¬ 
nal ear. 

In order that sound vibrations should be transmitted normally, 
it is most important that the air pressure in the middle ear should 
be equal to the atmospheric pressure. The two pressures are equal¬ 
ized through the medium of the Eustachian tube — a canal which 
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unites the cavity of the middle ear with the cavity of the phar¬ 
ynx. The external opening of the Eustachian tube is usually 
closed, and is opened only at the moment of swallowing. In cases 
when there are rapid changes in the pressure of the surrounding 
atmosphere (for example, in the sudden descent of an aero¬ 
plane or in parachute jumping), it is advisable to make quick 
swallowing movements in order to equalize the pressure in the 
middle ear. 

The internal ear. The internal ear has a very complex structure. 

Not all of the internal ear is part of tlie organ of hearing, but 
only the cochlea — a long canal coiled up upon itself in a spiral, 
and filled with a fluid. A thin membrane, called basilar lamina, 
and consisting of thousands of little fibres of various length and 
thickness, extends along the whole length of the canal, dividing 
it into an upper and a lower part. 

The other part of the internal ear, consisting of the otolitI)ic 
mechanism and semi-circular canals, is an organ of equilibrium and 
has nothing to do with hearing. 

Excitation of the receptors of the ear. Sound causes the tym¬ 
panic membrane to vibrate; tlie vibrations created are transmitted, 
througli the auditory bones, to another membrane covering the 
entrance to the internal ear. The vibrations of this second mem¬ 
brane are transmitted to the fluid whicli fills the internal ear, and 
through the fluid are passed on to the little fibres of tlie basilar 
lamina. 

Not all of the little fibres are set into vibration in response 
to each sound, but only a certain definite portion of them. In this 
respect, they resemble the strings of a piano. If a certain tone of 
a definite pitcli is produced near an open piano — let us say, the 
tone “do” — the string tuned to that tone will begin to vibrate 
and will give out a tone of the same pitch. This phenomenon is 
called resonance. The separate sensations of various sounds are 
based on resonance. 

The vibration of the little fibres produces irritation in special 
sensitive cells, which enter into the composition of the so-called 
spiral organ, located on the basilar lamina and extending along 
its whole length. Afferent nerve fibres, issuing from the sensitive 
cells, carry the impulses created in them to the auditory centre 
in the cerebral cortex. 

Injury of any part of the basilar lamina will bring about loss 
of hearing in relation to sounds of a corresponding pitch. 

Qaestioas. 1. Give some examples of errors of the sense organs (besides 
those mentioned in the text-book). 

2. Explain why we get a correct reflection of the external world in our 
consciousness, in spite of errors of the sense organs. What helps to correct the 
errors in each of the examples you have taken? 

Problem. Make a table, similar to the one given below, showing the sen- 
■sations received from the organs of sight, the organs of hearing, the otolithic 
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organ, the semi-circular canals, the organs of smell, taste and toucli, and alsr 
from the muscles and tendons. 


The name of the organ 


The sensation obtained 


I he visual organ — the eye. Light, colour, distance (measured by 

the eye), the size and shape of an ob¬ 
ject. 


REVIEW QUESTIONS 

1. What role do the sense organs play in our perception of the world sur¬ 
rounding us? 

2. Give some examples of the adaptation of the sense organs to stimuli of 
various strength. 

3. Explain the structure of the eye and the significance of each of its separ¬ 
ate parts. 

•4. How does the eye adapt itself in order to see objects that arc close to 
us or far from us? 

5. Give some instances of conditions under which accommodation is des¬ 
troyed. Explain cacli case. How may the defects of accommodation be cor¬ 
rected artificially? 

6. What are the chief rules of the hygiene of vision? 

7. What is the structure of the ear? 

8. How is excitation of the receptors of ttic ear produced? 


72. Setchenov and Pavlov — the founders of the science 
of higher nervous activity 

I. M. Setchenov. In the liistory of Russian physiology there 
is a famous date: it is 1863, when Setchenov’s article, “Cerebral 
Reflexes,” was published in a journal of the time. 

Ivan Setclienov, one of the greatest representatives of Russian 
science, was born in 1829. On graduating from the medical de¬ 
partment of the Moscow University, he went abroad in order to 
become acquainted witli tlie work of outstanding German and 
French physiologists; but in the very first few years of his resi¬ 
dence there, he showed hitnself to be an independent and talented 
scientist and soon became known as one of the greatest physiol¬ 
ogists of the period. On his return to Russia, Setchenov was 
made a professor of the Petersburg Medico-Surgical Academy. At 
his lectures he always performed a great number of experiments, 
a procedure whicli was very unusual at that time. 'Hie advanced 
ideas of Belinsky, Hert'zen and Chernyshevsky had a 
great influence upon Setchenov, and he became a convinced mat¬ 
erialist. Setchenov, an active figure in the social life of his country, 
and a patriot who loved his native land profoundly, developed 
Russian science on a materialistic basis and, to the last day of 
his life, propagated the materialistic world-outlook. 



Setclienov’s interest in psychology dates back to his early stu¬ 
dent days, wlien he began to devote himself with especial zeal to 
the question of tlie physiological basis of psychical phenomena. 

Many ages ago tliere arok the belief that feelings, thoughts 
and desires were connected with the existence of a “divine spirit”, 
which left the body tlie moment a person died. Philosophers-idea- 
lists and churchmen tried most seriously to solve the problem as 
to the exact “place of abode of the soul” in the organism. There 

was no doubt whatever in their 

. 1 own minds that the soul was 

sometliing not material, and that 
it was not subjected to the laws 
of nature. 

The idea of the “immortality 
of the soul” is closely connected 
with religious belief. 'Ihis idea 
has held sway for thousands of 
years, because the ruling classes 
have always used religion “as a 
means of dominating and of keep¬ 
ing the lower classes in subjec¬ 
tion.” (Engels.) The belief in 
a soul and in a life beyond the 
grave was of prime importance 
to the ruling classes, because it 
served to divert the attention of 
tlie poor from the struggle against 
their oppressors. 

That is why the scientists- 
idealists said that the soul was 
not subjected to the body, and 
that psychology had nothing to 
do with physiology. 'I'hey con¬ 
sidered that it was impossible to make a study of psychical acti¬ 
vity by means of experiments performed on the brain. 

However, it was Belinsky who pointed out that “psychology, 
without tlie support of physiology, was as worthless as physiology, 
without a knowledge of the existence of anatomy.” 

Setchenov was the first to make a bold attempt to give a phy¬ 
siological explanation of the psychical activity of a human being. 
This attempt was preceded by a very remarkable scientific dis¬ 
covery that immortalized the name of Setchenov. Setchenov re¬ 
moved the cerebral hemispheres of a frog; then he made a cross-cut 
in the region of the inter-brain and determined the speed with 
which reflex actions appeared in response to the irritation of the 
frog’s leg with an acid. When some crystals of sodium chloride 
were put on the cut part of the brain, the reflexes were clearly 
retarded. This phenomenon, which received the name of the 
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SctcliBtuyv inhibition, proves thdt the brdin C 3 n inhibit reflex 
actions. 

Setchenov understood that his discovery of the inhibition of 
reflexes must be of the greatest importance in explaining the com¬ 
plex work of the human brain, with which the psychic state and 
the consciousness are connected. 

In his well-known article, “Cerebral Reflexes,” Setchenov 
proves with great mastery that reflexes, which may be either inten¬ 
sified or inhibited, depending upon the conditions involved, lie 
at the basis of all manifestations of the psychical activity of a 
human being. 

According to the testimony of Tiniiryazev, the advanced mat¬ 
erialistic views of Setchenov set the minds of Russian naturalists 
aflame. One of Setchenov’s pupils, the outstanding Russian phy¬ 
siologist Vvedensky, wrote about “Cerebral Reflexes": “Evident¬ 
ly there was not a single intelligent reader in the sixties and 
seventies of the preceding century who had not read this book. 
It was so popular among the youth of the university that it was 
considered a matter of absolute necessity for one’s general edu¬ 
cation to become acquainted with this work. It was natural that 
the book should leave a profound impression upon the readers.” 

The attitude of the tzarist government to the activity of Se¬ 
tchenov was of quite a different nature. Tlie book “Cerebral Re¬ 
flexes” was denounced as highly dangerous and was therefore to 
be confiscated. Setchenov himself was at last forced to leave 
the Medico-Surgical Academy. Setchenov worked in Odessa for 
several years and then returned again to Petersburg, where he 
was made professor of physiology at the University. The tzarist 
government continued to persecute the great scientist; it strove 
to keep the student mass, and the whole Russian public in general, 
from the influence of advanced materialistic ideas, and finally 
forced Setchenov to leave Petersburg again. For tliree years the 
world famous scientist could not get a laboratory in which to 
perform his physiological experiments. One of the greatest Ger¬ 
man professors begged Setchenov to leave his native land and 
to make his residence in Germany in order to work tliere per¬ 
manently; Setchenov refused. Just at that time he was invited to 
work at the Moscow University. Again came intensive creative 
activity. Now he made a study of physiological questions con¬ 
nected with the working capacity and with fatigue, and thus gave 
a physiological basis for the demand of the working class for the 
8-hour workday. 

In the course of his whole scientific activity Setchenov always 
strove to make materialistic science the property of the people. 
He wrote a great number of scientific-popular articles and books; 
he delivered very many popular lectures. Two years before his 
death, at the age of 74, he began, with great enthusiasm, to give 
a course of lectures at the Prechistenski workers' clubs in Moscow. 
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However, after several months, the tzarist government prohibited 
the great scientist to lecture before audiences of workers. 

Setchenov died in 1905. 

The study of higher nervous activity by I. P. Pavlov. The 

work begun by Setchenov was continued by another great Rus¬ 
sian scientist -1. P. Pavlov. The theory of the relation be¬ 
tween the higher manifestations of nervous activity and the re¬ 
flexes of the brain was the basis for all of Pavlov’s remarkable exper¬ 
iments, performed in the course of many years. 

Before Pavlov, no one had really made a study of the phy¬ 
siology of the cortex of tlie cerebral hemispheres as an organ of 
higher nervous activity. No method existed for studying the work 
of the cortex of the hemisplieres with the exactness with which 
the contraction of the muscles, or the secretion of gastric juice, 
is studied. And scientists continued in their belief that the phy¬ 
siological investigation of higher nervous activity, with which the 
behaviour of an animal is connected, was impossible. 

Simple facts, familiar to everybody, gave Pavlov the idea of 
tlie correct method to be used in studying higher nervous activity. 
For several years Pavlov investigated the salivary secretion of 
dogs by means of fistulae applied to tlieir salivary glands. He paid 
special attention to the fact that saliva is secreted not only in 
response to a direct stimulation, by food, of the mucous membrane 
of tlie moutli cavity, but also by the action of other stimuli, which 
are, as it were, signals of the approach of food to the mouth. 
Sucii signals may be the odour and sight of food, the foot¬ 
steps or voice of tlie person wlio is in the habit of feeding the 
dog, etc. 

This applies not only to the work of the salivary glands, but 
to any activity of tlie organism. Thus, for example, a person 
flourishing a stick or a whip is a signal of a painful stimulation, 
and arouses a defensive reaction in the animal—-the dog tries to 
protect itself or to run away. 

Pavlov demonstrated by experiment that the influence exerted 
by such signals is connected with the activity of the cortex of 
the cerebral liemispheres: if the cortex is removed, this influence 
ceases completely. A dog with the cerebral cortex removed does 
not react to the presence of the person who feeds it, nor to the 
sight or smell of food, nor to the presence of an enemy. It snaps 
and snarls in response to any touch. It begins to secrete saliva 
only after food is put into its mouth. 

Pavlov used his investigation of the reactions to signalling 
stimuli as the foundation for the study of higher nervous activity. 
'I'he reactions of any organ might have been taken for study. 
Pavlov chose the salivary gland. The application of a fistula to 
the salivary gland does not disturb the normal activity of the 
organism; at the same time, it gives the experimenter an oppor¬ 
tunity to observe the character and strength of the reaction easily: 
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it is possible to measure the exact quantity of saliva secreted in 
any period of time, even the shortest. 

The secretion of saliva in response to various signals is an 
index of the processes going on in the cerebral cortex. And 
Pavlov, using his own method, succeeded in making a study of 
these processes and in determining the basic laws that govern 
higher nervous activity. 


73. Conditioned and unconditioned reflexes 

Unconditioned reflexes. A reflex secretion of digestive juices 
will begin in response to the introduction of some meat into the 
mouth of a grown dog, as well as into that of a puppy who has 
never tasted meat. If "the dog’s leg is irritated by an electric cur¬ 
rent, it will draw it away. These inborn (constant) reflexes Pavlov 
called unconditioned reflexes, because they always appear and do 
not require any additional conditions to produce them. 

The arcs of unconditioned reflexes do not pass through the 
cerebral cortex, but tlirough other divisions of the brain; uncon- 
ditioned rcfluxcjs continue to appeur even after the cortex has been 

removed. , . , . x ^ -n 

Conditioned reflexes. A dog witii its hemispheres intact will 

secrete saliva even at the mere sight of food. This is also a re¬ 
flex. However, it differs essentially from the reflex produced wlien 
tlie same food is introduced into its mouth. 

If a puppy does not as yet know the taste of meat, the mere 
siglit of meat will not arouse a saliva secreting, or salivary, re¬ 
flex. The reflex at the siglit of meat will appear only after it is 
fed with tlie meat tliat has been shown to it. In the same way, 
the salivary reflex may occur at tlie siglit of a bowl, but only if 
tlie dog has already received its food in that bowl. 

The chief feature of such reflexes is that they are not inborn, 
but ocijuired, and are continually being produced in the course o 
the whole life of the animal. These reflexes Pavlov called condi¬ 
tioned reflexes, because certain specific conditions are necessary 

stimuli as signals. A 

built un bv any stimulus; it appears to make no difference what 

CTO to the aiihnal what tlio stiinulus is, if it becoines he signal 
lo“an unconJilionctt stii.mlus - that is, for a stinralus that brings 

about an unconditioned reflex. 

Tlie sight of a bowl that has become the signal for food 
oroduc^es ^salivary conditioned reflex. In exactly the same way. 
any sound stimulus (for exaniple, the. sound of a horn) may 
■1 food signal if it is accompanied eacli time by feeding, and Ww 
S Xs to- be hiJifferent to tbe sound. In olhe, words, a 



conditioned reflex is produced: the sound of the horn alone is 
enough to start salivary secretion. 

The same stimulus (the sound of the horn) may serve as a 
pain signal and bring about a conditioned defence reflex. I'o do 
this, the sound must be accompanied by the action of a corres¬ 
ponding unconditioned stimulus — for example, the irritation of the 
animal’s leg by an electric current. When the current is applied, 
the dog jerks its leg away and begins to yelp — this is an uncon- 



Fig, 137. Chamber for studying salivary conditioned reflexes. 

Li^ht is turned on (a conditioned stimulus); a trouj^li of food is placed before the do^r (an uncoil- 
ditioned stimulus). Other stimuli arc seen: two metronomes, two bells, a skin stimulus — "toucher". 
In front of the experimenter there is a board w'itli a recorder of the salivary secretion. 


ditioned reflex. If tlic sound of the horn is accompanied by the 
application of the current, tlicn, after some time, a defensive 
reaction is produced by the sound of tlie horn alone. 

The conditions under which experiments are periormed. 
Experiments for studying conditioned reflexes require special 
conditions. All extraneous stimuli must be carefully eliminated, 
since any one of them may turn into a definite signal, or may 
simply interfere with the normal procedure of the experiment. 

For that reason, the dog experimented on is placed in a spe¬ 
cial chamber, through the walls of which no external sounds can 
pass. The experimenter is outside the chamber, watching the reac¬ 
tions of the animal with the help of special apparatus (Fig. 137). 
The saliva flow may be measured with great exactness by means 
of the movement of the liquid along the scale of a recorder, 
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which, with the help of air transmission, is connected witli a 
little glass bulb, attached to tlie fistula of tiie salivary gland. 
By pressing upon various rubber bulbs, it is possible, without enter¬ 
ing the chamber, to set a little trough before the dog and then to 
remove it, and to set into motion the various stimuli in the cham¬ 
ber, for example, a bell, an electric bulb, “a toucher” (an apparatus 
for producing tactile sensations), a pain stimulus, etc. 

The building up of conditioned reflexes. Let us say we want 
to build up a salivary conditioned reflex by means of a bell. To 
do this, the bell is set ringing; in 15 or 30 seconds, while the 
bell is still kept ringing, an unconditioned stimulus is associa¬ 
ted with the bell stimulus; in other words, a trough is moved in 
front of the animal by pressing one of the rubber bulbs. Then the 
ringing of the bell is stopped at the same time that the trough 
is removed. 

It goes without saying that there is an abundant flow of saliva 
in the dog at the time it is eating. If this experiment is repeated 
many times, the secretion of saliva will begin before the food is 
presented — it will start at tlie ringing of the bell only. 

Thus, the repeated association of feeding with the sound of 
the bell turns the latter stimulus into a food signal — it becomes 
a conditioned stimulus. Now the sound of the bell alone is enough 
to start the flow of saliva. 

In order to preserve tlie conditioned reflex thus built up, it is 
necessary to reinforce it from time to time by associating it with 
an unconditioned stimulus--in this case, the trough of food. If this 
is not done, the conditioned reflex will weaken and will then be 
entirely extinguished. 

Conditioned associations in the cerebral cortex. Food in¬ 
troduced on the tongue irritates the taste receptors. The impulses 
created are directed along the afferent fibres ol the taste nerve 
to the salivary centre of the medulla oblongata, and produce a 
zone of excitation there; from the medulla oblongata, responsive 
impulses travel along the efferent fibres to tlie salivary glands. 
Thus, the arc of the salivary reflex passes through the medulla 
oblongata. At the same time, impulses also reach the centres for 
taste of the cerebral cortex, where, as in the medulla oblongata, 
a zone of excitation is also aroused (Fig. 138, /). However, the 
participation of the cerebral cortex is not a necessary condition for 
the formation of salivary reflexes, or of other unconditioned reflexes. 

In order to build up a conditioned reflex, let us introduce the 
action of a new stimulus —the light of an electric bulb (Fig. 138, 
II). This stimulus will also produce zones of excitation in the ce¬ 
rebral cortex, as well as in the lower divisions of tlie brain. In 
response to the action of the light, an “orienting” (focusing) reflex 
may be produced — the dog turns its head in the direction of the 
bulb and pricks up its ears, all attention. This is an unconditioned 
reflex; its arc does not pass through the cerebral cortex. 
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If the action of the new stimulus (tlie liglit of the electric bulb) 
is associated witli the action of an unconditioned stiinulus’(food), 


two zones of excitation appear in the 
cortex of the cerebral hemispheres: the 
first, in the centre for vision of the 
cortex, and immediately following the 
first comes the second — in the centre 
for taste; association arises between 
them, 'i’he more frequently both sec¬ 
tions of the cortex are stimulated 
simultaneously, the more fixed the 
association becomes. Soon the asso¬ 
ciation between the two sections in 
tlie cortex becomes so strong that 
tlie excitation, produced by the light 
of the bulb in the first section, will 
spread to the second; tiiis brings 
about a flow of saliva, altliough the 
trough of food lias not yet been 
placed before the dog. 

'I'he arc of this conditioned reflex 



passes through two sections of the 
cerebral cortex: at first, a zone of 
excitation arises in a definite part of 
the centre for vision; then, as a re¬ 
sult of the association established 
between the two points of the cortex, 
the excitation is transmitted from the 



centre for vision to the corresponding 
part of the centre for taste, and from 
there, through the salivary centre of 
the medulla oblongata, to the salivary 
glands (Fig. 138, III and IV). 

Thus, in the process of the forma¬ 
tion of a conditioned reflex, an a.Sso- 
ciation is established between two 



definite points in the cerebral cortex, 
as a result of which excitation of the 
first point absolutely involves the ex¬ 
citation of the second. Such an associa¬ 
tion is called a conditioned association. 

Comparison between uncondi¬ 
tioned and conditioned reflexes. Un¬ 
conditioned reflexes need no special 
building up. They are inborn, hered¬ 
itary, and are the same in all ani¬ 
mals of a given species; they might 
therefore be called specific. They have 


I'ig. 138. Diagram of uncondi¬ 
tioned and conditioned reflexes; 

/ — an unconditioned salivary reflex; 
// ~ the action of an indifferent light 
stimulus (zone of excitation in the 
vi.sual area of the cerebral cortex; the 
orienting reaction is not shown); /// — 
the building up of a conditioned reflex; 
reinforcement of an indifferent stimulus 
by a conditioned one (there are two 
simultaneous zones of excitation in 
the cortex); IV — the conditioned reflex; 
V inhibition of the conditioned refljx 
(creation of a zone of excitation in 
the auditory area of the cerebral cor¬ 
tex, and the inhibition of other re¬ 
gions of the cerebral cortex). 



definite, constant arcs, which do hot pass through the higher divi¬ 
sions of the brain, but through its lower parts. 

Conditioned reflexes, in contrast to unconditioned reflexes, 
arc acquired by an animal in the course of its life, and arc built 
up under definite conditions — above all, by the repeated rein¬ 
forcement of a new stimulus by an unconditioned stimulus asso¬ 
ciated with it. In order to form a new conditioned reflex, tlie 
excitability of the corresponding nerve centres must be of 
a high enough degree, and no extraneous stimuli must interfere. 

Built-up conditioned reflexes may last for a long time only 
in case they are reinforced, even though that is done at rare in¬ 
tervals. Without reinforcement they are extinguished. Consequent¬ 
ly, conditioned reflexes are acquired and temporary; their formation 
depends upon the conditions in which the animal finds itself. There¬ 
fore, conditioned reflexes of different types may be produced not 
only in the various animals of a given species, but even at different 
times in one and the same animal. Such reflexes may be called 
individual reflexes to differentiate them from the specific kind. 

For each new conditioned reflex, new arcs are created which 
always pass through the higher divisions of the brain (in dogs - 
through the cortex of the cerebral hemispheres). 

The significance of conditioned reflexes. In the course of its 
life, every animal meets with a vast number of the most varied 
kinds of stimuli. Many of these become conditioned, serving as 
signals of the different phenomena in the external world ~ phe¬ 
nomena which are of importance to the organism in one way or 
another. A change in the conditions in which an animal fir’ds 
itself brings about a change in the reflexes — some of the old 
conditioned reflexes vanish and new ones appear. 

As an example, let us take a house dog, in whom a number 
of definite conditioned food and defence reflexes have been built 
up. Many of these reflexes will disappear, if the dog leaves its 
home and becomes a wandering street dog. 'I’o take the place of 
those reflexes that disappear, others arise, depending upon tlie 
new conditions in which the dog finds itself. 

'I'he conditions of life never remain constant. The nervous 
system always responds to every change in the external environ¬ 
ment by the formation of new conditioned reflexes and the ex¬ 
tinction of old ones, wliich now do not receive any reinforcement 
on the part of unconditioned stimuli. It is just this fact that 
makes conditioned reflexes so important, namely, the fact that 
they help an animal to adapt itself to the most varying and con¬ 
tinually changing conditions of existence. 

Questions. I. Give some examples of unconditioned reflexes, besides tliose 
given in the text-book. 

2. Give some examples of conditioned reflexes, besides those given in the 
text-book, and point out the unconditioned reflexes on the basis of which 
they were built up. 


8 A. KaCiaHOB 
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^4. the ptocesses of excitation and inhibition 
in the cerebral cortex 

The inhibition of conditioned reflexes. I'here is a continual 
interaction of the processes of excitation and inhibition in the 
cortex of the cerebral hemispheres, as well as in all the other 
parts of the nervous system. The appearance in any part of the 
cortex of a zone of intense excitation arouses a reverse state -- 
that is, inhibition, in some of its other parts. If a sudden loud 
sound is heard at the same time that a conditioned stimulus (the 
light of an electric bulb, for instance) is in action, the condi¬ 
tioned reflex will be inhibited. The sound produces a strong zone 
of excitation in the auditory centre of the cortex and this brings 
about inhibition in all the other sections, including the centre 
for vision; as a result, the light of the electric bulb, which, under 
ordinary circumstances, would call forth a reflex secretion of 
saliva, now fails to give any reaction whatsoever (Fig. 138, V). 

Sucli inhibition, produced by the action of any extraneous 
stimulus and not requiring any special building up, Pavlov called 
unconditioned inhibition. 

Conditioned Inhibition. In other cases, inhibition does not 
appear at once, but is built up gradually under certain definite 
conditions. Such inhibition, an example of which is the extinction 
of a conditioned reflex in the absence of any reinforcement, 
Pavlov called conditioned inhibition. 

Let us suppose that a salivary conditioned reflex is formed 
in a dog when the skin of its right thigh is scratched. The appli¬ 
cation, every few minutes, of only one conditioned stimulus (scratch¬ 
ing) without reinforcing it by feeding the animal, at first brings 
about a decrease in the quantity of saliva secreted each time the 
stimulus is applied; and then salivary secretion ceases altogether. 

It would seem that the extinct reflex should not appear on 
the following day. But, actually, the reflex flares up with new 
strength; again we observe the flow of saliva at the scratching 
only. The restoration of the reflex may be explained by the fact 
that, during extinction, — that is, when there is a lack of rein¬ 
forcement of the conditioned stimulus by an unconditioned one, 
inhibition, instead of a state of excitation, is aroused in the cor¬ 
responding section of the cerebral cortex; this state of inhibition 
also causes the reflex to weaken or to disappear altogether. The 
reflex will not appear so long as the state of inhibition continues 
in a given point of the cortex. 

Differentiation of stimulations. Experimentation has estab- 
lislied tlie fact that impulses from various parts of the skin travel 
to the different points of the cerebral cortex. If a conditioned 
salivary reflex to the scratching of the right thigh has been built 
up in a dog, excitation is aroused in the corresponding point of 
the cortex, and is then transmitted to the food centre in the cor- 
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tex. Let us now try the “toucher* (that is, a little apparatus used 
for irritating the skin) and apply it, not to the right thigh of the 
dog, but to its left paw, the trunk of its body or any other part 
of its skin. Under these conditions, also, the scratching will bring 
about a conditioned reflex, although the stimulation of a fresh 
part of the skin had never before been reinforced by the action 
of an unconditioned stimulus. 

This is due to the fact that excitation, after reaching a definite 
point in tlie cerebral cortex, docs not remain tiiere, but spreads, 
or irradiates, to the neighbouring parts. Therefore, when a con¬ 
ditioned reflex is built up, not only tfiat point in the cortex 
excited by the stimulation of the skin of the right thigh is coupled 
with the food centre, but also the region surrounding it, which 
corresponds to the other parts of the skin. 

However, the spreading of excitation becomes gradually less 
noticeable; it concentrates in a limited section. This process of 
tlie concentration of excitation can be very niucli accelerated by 
attaching several “touchers" to various parts of tiie dog’s skin, 
and, after that, by giving the animal food only when its right 
thigh is scratched; but no food must accompany the stimulation 
of other parts of the skin. In this experiment the secretion of 
saliva begins after some time, but only when the reinforced part of 
the skin is scratched. If other parts of the skin are irritated, a 
conditioned inhibition will arise in the corresponding points of 
the cerebral cortex, and there will be no reflex. 

Thus, the differentiation of similar stimulations is established 
in the cerebral cortex: one of them sets up a conditioned reflex, 
while the others cause inhibition in tlie corresponding point of 
the cerebral cortex, and produce no reflex. Differentiation of simi¬ 
lar signals may achieve a very high state of perfection. With a 
ticking metronome (an apparatus used for beating time) it is pos¬ 
sible to observe the differentiation, by the nervous system of a 
dog, between 96 strokes and 100 strokes per minute: if tiie 100 
strokes are reinforced by feeding, and the 96 are not reinforced, 
the secretion of saliva begins only with 100 strokes of the met¬ 
ronome. Such a fine differentiation of the frequency of the strokes 
is impossible by a human being. 

The analysis and synthesis of stimulations. The differentia¬ 
tion — in other words, the analysis of stimulations, first begins in 
the sense organs, because the different stimuli (light, sound, etc.) 
act on the various receptors. More than that, a still finer analy¬ 
sis goes on in each sense organ. Thus, the separate nerve endings 
of the auditory nerve are excited by sounds of various pitch. 
Therefore, a fine differentiation in the pitch of a sound is already 
set up in the organ of hearing. Such fine differentiations of stim^ 
ulations are set up in the other sense organs also. 

However, the differentiation of stimulations is not limited to 
the activity of the sense organs. The impulses aroused in tlie sense 
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organs are conveyed to the corresponding parts of the cerebral 
cortex; here zones of excitation and inhibition appear, which lead 
to still greater differentiation of stimulations. 

The analysis of stimulations, originating in the sense or¬ 
gans and terminating in the cerebral cortex, is a unified pro¬ 
cess. That is why Pavlov united the receptor, the afferent 
pathway from the receptor to the cerebral cortex, and the cor¬ 
responding parts of the cerebral cortex under one designation: the 
analyser. 

The sense organs are tlie external, or peripheral ends of the 
analysers, while the cortex of the cerebral hemispheres is their 
internal, or central end. 

Not only differentiation (analysis), but unification (synthesis) 
of similar stimuli takes place in the cerebral cortex. Synthesis is 
based on the ability of the processes of excitation and inhibition 
to spread, to irradiate. Let us take an example. A conditioned 
defence reflex —the lifting of the paw, has been built up in a dog. 
The unconditioned stimulus is an electric current, producing a 
pain stimulation; the conditioned stimulus is the tinkling of a 
small bell. When a large bell with a lower tone is used for the 
first time, the same reaction is produced — the dog lifts up its 
paw. In this case, unification (syntliesis) of the two similar 
stimuli takes place in the cerebral cortex. 

Association and interrelation of impulses, wliich serve as sig¬ 
nals of the various phenomena in the external world, as well as 
in the organism itself, always lead to the unification (synthesis) 
and the differentiation (analysis) of stimulations. 

The vital significance of the processes of analysis and synthe¬ 
sis of stimulations is perfectly clear. They provide an animal with 
the possibility of orientating itself in the conditions in which it 
finds itself, and to react correctly to varying stimuli. We have 
only to think of the behaviour of wild animals, living in freedom. 
To them every rustle, every shadow, the faintest odour, the slight¬ 
est vibration of the air — all serve as signals of the proximity 
either of food or of danger. Only as a result of synthesis and, at 
the same time, of the fine differentiation of stimulations, can an 
animal notice threatening danger, find prey, and produce a reac¬ 
tion, appropriate to the condition, in time. 

The movement of the processes of excitation and inhibition. 
Years of investigation and study of conditioned reflexes gave 
Pavlov and his co-workers the possibility to determine the nature 
of the movement of the processes of excitation and inhibition 
in the cerebral cortex, and the laws governing this movement. 
Impulses from all parts of the body are continually travelling 
to the different cells of the cortex. Hach zone of excitation and 
of inhibition aroused by these impulses does not remain inac¬ 
tive; it irradiates, that is, it spreads to other parts of the 
cortex. This phenomenon of irradiation of excitation and of in- 
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hibition is one of the basic laws of the activity of the nervous 
system. 

Another basic law is the reciprocal induction of the processes 
of excUation and inhibition — that is, the induction of a reverse 
state. Thus, in response to the appearance of a zone of excitation 
in the cerebral cortex, a state of inhibition arises at other points 
in the cortex. The inhibition prevents the spread of the process of 
excitation to all parts of the cortex, and forces excitation to be¬ 
come concentrated again at the point where it originated. But it 
is here that excitation is finally extinguished, and is replaced by 
tlie reverse process — inhibition. 

Ihus, the processes of excitation and of inliibition are con¬ 
stantly interacting with each other. As a result, a very complex 
interlaced pattern, or, as Pavlov called it, a mosaic of the proces¬ 
ses of excitation and of inhibition is formed in the cortex of the 
cerebral hemispheres. This mosaic is in a state of continual move¬ 
ment: zones of excitation and of inhibition replace each other, 
now appearing, now again disappearing, in tiie various points of 
the cerebral cortex. 

The Importance of Pavlov’s theory of conditioned reflexes. 

Pavlov’s scientific theory of conditioned reflexes created a new 
chapter in physiology — the materialistic study of higher nervous 
activity. 

Pavlov sliowed that tlic cerebral cortex, as an organ of liigh- 
er nervous activity, could be studied by physiologists as pro¬ 
foundly and in as detailed a manner as any other part of the 
body. Soviet scientists, headed by Pavlov, proved that all higher 
nervous activity of animals, as well as of man, is based on the pro¬ 
cesses of excitation and inhibition — processes characteristic of 
other divisions of the nervous system. The continued study of these 
processes in the course of many years not only enabled them to 
determine the laws governing the behaviour of animals, but it also 
showed that the cerebral cortex is an organ by means of which 
the organism adapts itself to its environment. It is this that con¬ 
stitutes the vast biological importance of Pavlov’s scientific theory 
of conditioned reflexes. 

By applying exceptionally strong stimuli, and also by applying 
a special combination of reinforced conditioned stimuli and un¬ 
reinforced conditioned stimuli that are closely related to them, 
Pavlov brought about, in dogs, a diseased state of the cerebral 
cortex very similar to that which arises in a human being during 
certain nervous and mental (psychic) diseases. This gave Pavlov 
the opportunity to explain the physiological processes produced 
in the cerebral cortex during such diseases and to devise methods 
for their treatment. Pavlov’s theory of higher nervous activity has 
led to a clear and simple understanding of the subject; it has 
. explained the phenomenon of sleep, hypnosis, and certain psychi¬ 
cal diseases, and in so doing it has refuted the religious fables 
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about the “immortality of the soul," of “divinity" and “prophe¬ 
tic* dreams, of people possessed by a so-called “evil spirit," of 
“miraculous" cures, and other things of a similar nature. 

Problem. Give some examples of the inhibition of conditioned reflexes 
taken from life. 


75. Specific features of higher nervous activity in man 

The basic difference between man and animals. The basic 
condition of the life of a human being is labour, connected with 
the production and utilization of tools. It is labour, namely, that 
created man. It was in the process of labour that all the basic 
features of the human organism, which differentiate it from that 
of animals, were formed and perfected. The joint, collective labour 
activity of people made it possible for articulate speech to come 
into existence and to develop. Closely connected with labour and 
articulate speech is the remarkable development of the human 
brain — the appearance of new divisions in the cortex of the 
cerebral hemispheres and the modifications in the work of all its 
other parts. 

“At first it was work,” said Engels, “and then articulate 
speech together with work that were the two most important 
stimuli, under the influence of which the brain of the ape was 
gradually transformed into the human brain..." And, as a result, 
man rose to a higher stage of development in cortipari.son with 
the rest of the animal world. The psychic state of man — in other 
words, his sensations, thought, emotions, desires, is immeasur¬ 
ably higher than that of animals. This higher stage of develop¬ 
ment of the psychic state so peculiar to man is called conscious¬ 
ness. 

The psychic state of animals and human consciousness. 

The striving to achieve some aim — purposefulness, is characteristic 
of the conscious activity of man. A human being sets a purpose 
before himself and finds a way of attaining it. 

“The spider performs operations that are very much like those 
of a weaver, and the bee, in the construction of its wax cells, 
brings some human architects to shame. But the worst architect 
differs from the most skilful bee at the very outset in that the 
human architect, before building a cell out of wax, has already 
constructed it in his head. At the end of the process of work, a 
result is obtained which the worker already had a conception of 
at the beginning of this process..." (Marx) 

In these words of Marx is revealed, with great clarity, the 
difference between human consciousness and the psychic state of 
animals. Both man and animals reflect the phenomena of the external 
world in their psychical activity. However, man,_in reflecting the 
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world in his consciousness, generalizes the phenomena observed 
and establishes the laws governing their course. This gives him 
the opportunity to utilize them for his own purposes, to subject 
nature to himself and, in the process of his labour activity, to 
remake the world. Engels said: “... the animal only makes use 
of the external world and introduces changes into it simply by virtue 
of its own presence in that world; but man, when bringing changes 
into it, compels it to serve his own aims, and dominates over it.” 

There is no doubt whatever that the higher animals possess 
an elementary, rudimentary thinking capacity. Mowever, only human 
thought gives the possibility, not only to generalize the results 
of observation, but to draw conclusions in regard to other phe¬ 
nomena which were not directly observed, and also to foresee 
the course of events. Conscious thought developed in man in 
connection with the production and application of the instruments 
of labour, at first of a very simple kind, and then of an ever 
increasing complexity. 

Consciousness as a socially conditioned phenomenon. In the 

course of the history of man, consciousness, which developed in 
the process of labour activity, depended on the method of pro¬ 
curing food, clothing and other means of existence — in other 
words, on the instruments of labour and on labour experience, on 
the relations which were established between people in the process 
of labour. The labour activity of human society determined the 
form of the state and left its mark upon the needs of people, 
their cultural life and views. .1. V. Stalin says: “...whatever is 
the mode of life of people such is their mode of thought.” This 
means that consciousness is the product of the history of society. 

Consciousness and the brain. It is impossible to separate 
consciousness from the activity of the brain. Not a single psychical 
process can proceed without the work of the brain. Formerly, it 
was supposed that consciousness depended on some definite sections 
of the cerebral cortex. Now it is an established fact that conscious¬ 
ness is connected with the activity of the whole cerebral cortex. 

The higher nervous activity of man is of an immeasurably greater 
complexity than that of dogs and of any other animal. However, 
as the work of Krasnogorsky, Ivanov-Smolensky and 
other scientists has proved, there are many common features, and 
not only differences, to be found in the activity of the cerebral 
cortex of man and of tlie higher animals. That is why Pavlov’s 
study of conditioned reflexes has contributed very much to the 
understanding of higher nervous activity in man. 

Pavlov’s study of the first and second signal systems. In 
the human being, as in animals, conditioned associations, which 
are the basis of all higher nervous activity, are formed in the 
cerebral cortex. “A temporary nervous association is the most 
universal physiological phenomenon in the animal world and also 
in ourselves.” (Pavlov) 
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One may observe tiie formation of conditioned reflexes in an 
infant from the very first days of its existence. A slight touch on 
its Ups produces sucking movements. This is an unconditioned 
reflex. If the child is repeatedly fed from a feeding bottle, a con¬ 
ditioned reflex is formed: the sucking movements appear at the 
sight of the bottle alone. “This,* says Pavlov, “is the first signal 
system of the reality, common to us and to animals." However, 
this is of secondary importance in the iiigher nervous activity 
of man. 

Words play a special role in the formation of conditioned 
associations in the cerebral cortex of the human being. “A word,” 
says Pavlov, “being a signal of the first signals, composed the 
second signal system — which is .so specifically ours — of the actu¬ 
ality.” According to Pavlov, the conditioned associations in the 
cerebral cortex of a human being are formed chiefly by speech 
stimuli. The essential side of speech is composed, not of separate 
words or .sounds, but of their combinations, which acquire definite 
sense. In other words, associations are establi.shed as a result of the 
understanding, the perception of speech. 

The research work of Ivanov-Smolensky has proved that the 
first and second signal systems are always .so closely connected 
and interrelated that we may speak of their unity. And, indeed, 
direct impressions received from various objects and phenomena 
are ab.solutely connected not only with corresponding words, but 
also with conceptions which make it possible to compreliend the 
direct impression. 

It is, namely, the second signal .sy.stem — that is, comprehensive 
speech, and not separate sounds or words — that forms the basis 
of human tliought. “Whatever the thoughts that may arise in the 
mind of man and whenever they may arise, they can arise and 
exist only on the basis of the fabric of the language, on the basis 
of language terms and phrases." (Stalin.) 

The analysis and synthesis of stimulations. Analysis and 
synthesis of stimulations are far more complete and profound in 
tlie human being, in spite of the fact that the separate sense organs 
are so much less perfected than in animals. 

“An eagle," said Engels, “can see considerably further than 
a human being, but the human eye observes considerably more 
in things than the eye of the eagle.” In comparison with man, 
the dog possesses a more developed sense of hearing. It can 
differentiate 1/8 tone, which is absolutely inaccessible to the 
human ear. But the understanding of human speech is inaccessible 
to the dog, for it is not capable of analysing speech stimuli. 

The profound analysis and synthesis of stimulations that are 
inherent in man is tied up with the peculiarities in the structure 
and activity of his brain. And it is namely with the high state 
of development of the cortex of the cerebral hemispheres that 
human consciousness is connected. 
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76. The hygiene of the nervous system 

The nervous system and the sensation of tiredness. The 

working capacity of a person, and also the sensation of vivacity 
or tiredness, depend, to a great extent, upon the state of the ner¬ 
vous system. 

When a person is occupied in doing some physical or mental 
work, zones of excitation arise in tiie cerebral cortex. Simultane¬ 
ously, those parts of the cortex which have no connection with 
the fulfilment of the given work are inhibited. 

The greater the interest of a person in his work, tlie stronger 
will be the excitation in some parts of ttie cerebral cortex, and 
the deeper the inhibition |n others. That is why a person who is 
deeply engrossed in his work notices nothing that goes on about 
him: he is not conscious of the presence of people in the same 
room, nor of wliat they are saying. In such a case, a person accom¬ 
plishes much better work, and does it more attentively and much 
more quickly. Interesting work (connected with strong enough 
zones of excitation) may be continued for a long time without 
bringing about any feeling of tiredness. 

The will to work is of great importance. The working capacity 
is always higher if a person turns his wliole attention to his work 
and strives to accomplish it quickly and well. It is not witliout 
reason that a person who shows no interest in his work is con¬ 
sidered to be a poor worker. 

Pavlov proved by his experiments that weak and monotonous 
stimuli, to whicli the organism is indifferent, help to spread a state 
of inhibition in the cerebral cortex. Dull, uninteresting work, 
fulfilled without any keen desire, has the same effect. As a result, 
the excitability of the cerebral cortex is lowered, and a feeling 
of weariness sets in, which, however, diminishes and sometimes 
completely disappears if an interest is shown in the work. 

Fatigue. Work, especially physical work, brings about an active 
state in the organism; metabolism is intensified, the excitability 
of all the organs, and especially of the nervous system, is increased. 
However, gradual changes take place in the chemical composition 
of the organs and of the tissues, and various products of meta¬ 
bolism accumulate. As a result, the working capacity of the separ¬ 
ate organs, as well as of the whole organism, is lowered. This 
state of the body is called fatigue to differentiate it from the simple 
feeling of tiredness. However, fatigue does not lead to injurious 
results, and the changes brought about in the organism by fatigue 
may completely disappear after a good rest. 

A feeling of tiredness, a lowering of the productivity of work, 
and a growing lack of interest in work, are usually the first stages 
of developing fatigue, — all this is connected with the gradual 
strengthening of the processes of inhibition. Work becomes more diffi¬ 
cult to perform in proportion as inhibition dominates over excitation. 
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Pavlov put it aptly when he said that a ‘'guarding inhibition” 
arises in the nerve cells of the cerebral cortex in order to protect 
the organism against excessive fatigue and exhaustion: this “guard¬ 
ing inhibition” often makes its appearance long before fatigue 
sets in, sometimes even at the very beginning of work. In such 
cases, iii order to continue to produce fruitful work, one must 
overcome by force of will the feeling of tiredness connected witli 
inhibition, and increase the excitability of the cerebral cortex. 
The best method of doing this is to apply oneself conscientiously 
and assiduously to one’s work. 

Rest. In order that fatigue should not turn into over-fatigue, 
so harmful to the nervous system and to the wliole organism, 
there must be intervals of rest between work, in order that tiie 
strength of the organism and its working capacity may be 

restored. 

After difficult or long-continued work, a person often has an 
irresistible desire to lie down or to sit quietly for a while. 

In cases of intense fatigue, the organism actually needs a 

complete rest. However, a passive rest is not what is needed in 
the majority of cases. Rest must help to strengthen the organism, 
and in order to be able to do tliis, it is necessary for the organism 
to be active. 

In many cases, a change from one form of activity to another 
provides sufficient rest. Thus, pliysical work is a splendid rest 
after the strain of mental activity. On the otlier hand, a person 
fatigued by physical work, derives pleasure in reading a book 
or in playing a game of chess, and in so doing, rests. 

A person should absolutely spend a part of his leisure time 

in active rest, in the open air. Excursions, walks, ice-skating, 
skiing, and many games of sport, which strengthen the organism, 
are types of rest that have no equal as regards the nervous 
system. Morning setting-up exercises are of especially great im¬ 
portance. They harden the organism and brace a person up and, 
raising his working capacity, put him in a fit condition for the 
whole day. Any physical exercises, regularly performed every 
morning, will have a beneficial effect upon the general state of 
the organism. 

The daily routine. By daily routine is meant the distribution, 
in the course of the day, of those activities which a person must 
fulfil. Work, rest, sleep, meals, a walk — all these should always have 
definite hours. If a regular routine of the day is established, con¬ 
ditioned reflexes to time are easily formed, habits are built up 
which provide for rhythm in the mode of living. If a person forms 
the habit of having his meals at regular hours, the secretion of 
gastric juices begins as the time approaches, an appetite appears 
and the food is more easily digested. 

One concentrates much more quickly and easily, and work 
“hums” more readily at times fixed by habit. 
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If a person forms the habit of going to'bed and of getting up 
at a definite time, he will fall asleep quickly at night and awake 
easily in the morning. 

Routine that is strictly adhered to creates those conditioned 
associations in the cerebral cortex, which are necessary for habit 
formation, and provide for rhythm in life, whicli facilitates the 
work of the whole organism. 

The arrangement of the daily routine should include, first of 
all, the regular alternation of work and rest; this creates the best 
conditions for the activity of tlie brain and of the whole organism, 
and prevents a person from becoming over-fatigued. Between 
meals there should be regular intervals corresponding to the work 
of the digestive organs, and thus facilitating their activity. For 
the sake of improving the health, enougli time must be set aside 
for taking walks and for the hygienic care of one’s body. Finally, 
the daily routine must include a regular and sufficient amount 
of sleep. 

Sleep and its importance. The normal flow of the life processes 
is possible only under conditions of periodic alternations of 
wakefulness and sleep. Sleep restores the strength of the organism. 
Continued insomnia, or sleeplessness, may cause death in a shorter 
period of time than the lack of food. As was proved by experiments 
with dogs, considerable changes take place in the nervous system, 
and especially in the cerebral cortex, when the animal is deprived 
of sleep for a long time; such changes finally bring about tlie 
destruction of the cells. 

Basing himself on the study of the processes tliat go on in 
tlie cerebral cortex, Pavlov explained tliat sleep is an inhibition 
which spreads througliout the cortex and to the lower divisions 
of the brain. 

The appearance of a sufficiently strong zone of excitation in 
tlie cerebral cortex, caused, for e.xample, by toothache or stomach¬ 
ache, may bring the inhibition to a stop and in that way destroy 
sleep. And, on the contrary, if everything that prevents inhibi¬ 
tion from spreading in the cortex is removed or eliminated (for 
example, noise, light and other strong stimuli), sleep is more easily 
induced. When one undresses and covers himself with a blanket, he 
lessens the flow of impulses from the sense organs, because he 
removes the irritating action of his clothes and of the cold. The 
flow of impulses from the muscles, tendons and joints is reduced 
by the relaxation of the muscles and by lying in a comfortable 
position. 

Those habitual acts which we perform every day before going 
to bed — brushing the teeth, washing ourselves, arranging the bed¬ 
ding for sleep, undressing, become conditioned stimuli, which cause 
the process of inhibition to spread in the cortex. Weak, mono¬ 
tonous, indifferent stimuli also facilitate this process, which 
explains the ease with which we doze off to the rhythmic rocking 
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and clash of the wheels of a moving train, or when reading a dull 
book. A mother, in lulling her child to sleep, produces exactly 
the same monotonous [flow of impulses, which lielps inhibition to 
spread more quickly through the cerebral cortex. 

The speed with which sleep comes is influenced very greatly 
by the state of the organism, and especially of the cerebral cor¬ 
tex. l-'atigne after doing habitual mental and, especially, physical 
work, induces sleep by lowering the excitability of the brain and 
by lielping inhibition to spread more easily. 

Over-fatigue of the brain, caused by extremely strenuous work, 
worry, agitation, fear, has the reverse effect. 

Over-fatigue and excessive excitation are often the cause of 
insomnia. 

The spreading of inhibition lowers the activity of the whole 
central nervous system; this weakens the muscle tone and lowers 
metabolism, which, in its turn, brings about a change in the work 
of the respiratory and circulatory organs: the frequency of the 
pulse and of the respiratory movements becomes diminished. 

Watch-points in the cerebral cortex. In an experiment per¬ 
formed in Pavlov’s laboratory, a conditioned salivary reflex to 
the tone “do” was built up in one of the dogs. Besides this, other 
sound stimuli were applied, which, however, were never reinforced 
by giving the animal food. As a result, these sounds not only failed 
to produce any conditioned reflex, but, on the contrary, they served 
to bring about the development of the process of inhibition in the 
cerebral cortex. When the inhibitory tones were repeated many 
times in succession, the dog fell asleep on the stand. But no sooner 
was the conditioned stimulus (the tone “do”) applied than the dog 
began to secrete saliva, and sleep was destroyed. 

Those sections of the brain which maintain connection with 
the external world during sleep, Pavlov called the watch-points 
of the cerebral cortex. These are usually connected with stimuli 
of especial importance to the animal (in our example it was the 
food stimulus). 

There are similar watch-points also in the cerebral cortex of 
a human being when asleep. A mother, who dozes off at the bedside 
of her sick child, does not react to loud claps of thunder, but 
wakes up at once in response to a slight moan of the child. 
A soldier, sleeping calmly during a cannonade, wakes up at once 
when the voice of his commander is heard. 

Dreams. During sleep restricted zones of excitation may appear 
in various parts of the brain; certain movements, and sometimes 
even jumping up or talking in one’s sleep are explained by the 
presence of these zones. 

Dreams are also connected with zones of excitation, aroused 
by impulses which enter the cortex of the cerebral hemispheres 
from the organs of the body. A change in the position of the 
body, hunger or thirst, an over-loaded intestinal canal or urinary 
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bladd<^r, a chango in the respiratory movements or in tlie work 
of^the> heart, may serve as stimuli producing a flow of impulses. 
One often has depressing, unpleasant dreams after a too heavy 
nieal, when the abdominal organs press upon the diaphragm, lift- 
ing it up and thus making respiration and the work of the heart 
difficult. If the nose is suddenly freed of mucus, the respiration 
becomes easier, and one may get a sensation, while asleep, of 
flying freely in the air. 

Dreams are also produced by impulses coming from the sense 
organs. Experiments, performed witli people when they are asleep, 
liavc proved that tlie sound of flowing water from a faucet may 
result in a dream about a river or a waterfall, while a hot water 
bag applied to tlic soles of the feet may cause a dream about 
a burning desert with sand heated up by the sun. 

Very often dreams are connected with phenomena of which 
we were eye witnesses, or with events about which we heard, 
read or thought. We may dream about events which were blotted 
out of the memory long before, or which were unnoticed at the 
time and failed to reach the consciousness, although they occurred 
in our presence. 

'I'his is explained by the fact that traces of all impulses, even 
of the most insignificant and transient, coming from the sense 
organs, are retained in the cells of the cerebral cortex. 

The content and ciiaracter of one’s dreams are closely con¬ 
nected with the peculiarities of one’s cerebral activity, with one’s 
individual impressions, reminiscences, interests, cares. 

Even when wide awake, a person’s tlioughts often jump from 
one subject to another, and this is especially true when a person 
is asleep. 'I'hat is why a person may see the most inconceivable 
and most senseless things in a dream. 

It sometimes happens that a dream coincides with the reality. 
In such cases, superstitious people and people of little culture speak 
about “prophetic” dreams. Of course tliere can be notliing prophetic 
in such accidental, coincidental dreams. 

The hygiene of sleep. In order tliat the organism should get the 
rest it needs, and that the forces expended during the day should 
be fully restored, a person must have a sufficient amount of sleep. 

Adults need 8 hours of sleep a day. The normal amount of 
sleep for children and adolescents depends upon age: the younger 
the child, the more sleep it needs. School-boys and girls of 14 
to 16 years of age sliould have no less than 9 hours of sleep. 

One must have a regular time for going to bed. Sleep in the 
evening and at night is much deeper and more useful than morning 
sleep; tlierefore, it is better to go to bed early and to get up early. 

During sleep, nothing should interfere with respiration, with 
tile blood circulation and with the normal work of the skin. 
Before going to bed, one should take off all the clothing one wears 
in the daytime, and put on a fresh nightgown. No belts or bands 
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should be worn round the waist, because they interfere with the circu¬ 
lation of the blood. One should lie at full length when sleeping — 
best of all on one’s right side, with the arms on top of the 
blanket. If one sleeps on the left side, the left half of the thorax 
is compressed and makes tlie work of the heart more difficult. 

It is very important to breathe fresh air when sleeping. There¬ 
fore, it is necessary to air the room well before going to bed. 
It is still better to leave the window partly open all night, and 
when the weatlier is warm, to keep it wide open. On no account 
should the blanket or sheet be pulled over the head. 

The air in the room during sleep should be cool: not over 15 
or 1()° C. It is not necessary to cover oneself too warmly. 

REVIEW QUESTIONS 

1. What kind of reflexes are those that are called conditioned, and how do 
they differ from unconditioned reflexes? 

2. How are conditioned reflexes built up? 

а. What are the conditions required for the performance of experiments in 
the study of conditioned reflexes? 

4. Of what significance are conditioned reflexes in the life of animals? 

5. Under what conditions does inhibition of conditioned reflexes arise, and 
of what importance is it? 

б. How do the processes of excitation and inhibition proceed in the cere¬ 
bral cortex? 

7. What are analysers? Explain the analysis and synthesis of stimulations. 

8. What are the specific features of the higher nervous activity of a human 
being? 

9. What are the roles of Setchenov and Pavlov in the development of the 
study of higher nervous activity in man? 

10. How does fatigue arise? 

11. What conditions help to rai.se the working capacity? 

12. How must one organize one’s rest? 

l.'l. Of what importance is it to the organism to follow a regular routine? 

14. Why is sleep important? How did Pavlov explain llie phenomenon of sleep? 

15. Enumerate the chief rules of the hygiene of .sleep. 


XI. PHYSIOLOGICAL PECULIARITIES OF THE GROWING 

ORGANISM 


77. Fertilization 

The sex cells. The sex glands may be considered to be mixed 
glands, because they possess the property of secreting both in¬ 
ternally and externally. The external secretion of the sex glands 
consists in the formation and elimination of sex cells. 

The female sex cell, or ovum, develops in the female sex 
gland — the ovary. The male sex cells, or spermatozoa, are devel¬ 
oped in the male sex glands — the testes. 
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The ovum, or egg cell. The matured ovum, like any other 
living cell, consists ot a nucleus and of protoplasm (Fig. 139). 
1 he protoplasm of tlie ovum is called embryonic protoplasm', it 
contains a store of material upon wliich the developing embryo 



surrounded by the embry- Fig. 140 . Spermatozoa, 

onic membrane. 


TIk* nucleus Is seen inside. The 
protoplasm of the ovum contains 
granules of nutritive material. 


/ head: 2— middle piece; H tail. 


is nourished. The ovtims of a human being and of maiiunals hold 
an amount of nutritive material sufficient only for the initial stage 
iti the development of the embryo, because later it receives the 


nutritive material necessary for 
mother. This accounts for the 
small size of the egg cells in mam¬ 
mals. The human ovum is only 
0,1 or 0,2 mm. in diameter. 

Spermatozoa. The spermato¬ 
zoa are incomparably smaller than 
the egg cells. The spermatozoon 
is a minute cell, visible only under 
the microscope (Fig. 140). The 
thickened part — the Aeorf — con¬ 
tains the nucleus of the cell; the 
long part, which is called the tail, 
consists of protoplasm. Sperma¬ 
tozoa are very motile', they move 
about by means of the lashing 
movements of their tails. In spite 
of theirmicroscopicallysmall size, 
they may traverse a great dis¬ 
tance — great in comparison with 
their size — about 25 cm. an hour. 


its development direct from its 



Fig. 141. Diagram of the fusion of a 
male and a female cell during ferlili- 
zation. 


Fertilization. The development of the embryo begins at the 
moment of fertilization, that is, at the moment tlie male sex cell, 
or spermatozoon, has penetrated the female sex cell, or ovum 
(Fig. 141). As a result of the fusion of the two sex cells, a new 
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cell is formed, which differs in quality from both the ovum and 
the spermatozoon. Such a fusion of cells provides for the trans¬ 
mission of traits from both parents to the new organism. 

The organ in which the fertilized cell undergoes further devel¬ 
opment is called the tdems. 


78. Development within the uterus 

The development of the embryo. The fertilized egg cell begins 
to develop rapidly, and is soon transformed into a multi-cellular 
embryo, the number of cells of which keeps on increasing continu¬ 
ally. Three embryonic layers appear: the outer (ectoderm), the inner 
(endoderm) and the middle layer (mesoderm). During the further 
development of these layers, the rudiments of the separate organs 
begin to appear. 

Nutrition of the embryo. Membranes begin to form at once 
round the embryo even during the initial stage of its development; 

one of these membranes (the 
outer one) is called the vil¬ 
lous membrane, because it 
is completely covered witli 
little projections, like the 
pile of velvet. With the help 
of the villous membrane, 
the embryo attaches itself 
to tlie mucous coat of the 
uterus (Fig. 142), which, 
by this time, has swelled 
out and has become, as 
it were, slack. The villi 
become firmly imbedded in 
the mucous coat, fusing with 
it, and thus forming the 
after-birth, or placenta. 

By means of the placenta, an interconnection is established 
between the foetus and the maternal organism. A cord — the um¬ 
bilical cord — extends from the body of the embryo to the pla¬ 
centa. Within the umbilical cord there arc blood vessels. The con¬ 
tractions of the heart of the embryo force the blood along the 
arteries of the umbilical cord to the placenta, where metabolism 
of the maternal blood and the embryonic blood takes place; in this 
way the blood of the embryo is freed of the products of exchange 
and becomes rich in oxygen and nutritive material. Tlie arterial blood 
returns to the organism of the embryo through a wide vein (Fig. 143). 

The similarity in the development of the human embryo 
and the embryo of animals. The embryo does not t ike on the 
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Fig. 142. Human embryo iri the ulcrus: 

1 — villous membrane; 2 — placenta; .V — umbilical cord; 
4 ■— amiiiotic fluid. 



semblance of a human being at once. In the early stages of develop¬ 
ment, the embryos of the human being, the monkey, rabbit, 
lien, and even the fish, resemble each other very much (Fig. 144). 
In the tliird week of the development of the liuman embryo, folds 
appear on either side of the anterior end of the body; such folds 
likewise appear in the early stage of the embryonic development 
of all vertebral animals. These are rudimentary gills, which, in 
fisli, develop into real gills; in animals tiiat live on land, tiie 
rudimentary gills disappear later without leaving any trace. 

In various periods of the life of the embryo within tlie uterus, 
other special features, not characteristic of the human being, also 
appear, but are not re¬ 
tained in the later stage of 
development. Thus, at one 
stage of its development 
the human embryo has a 
tail, which remains for 
rather a long time. At ano¬ 
ther — later — stage, the 
wliole body, and even the 
face, is covered with fine 
hairs for a short period of 
time. 

riie cartilaginous skel¬ 
eton that appears in the 
fifth week of embryonic 
development, and is later pjg_ (43 Diagram .showing the movement of 
transformed into tiie bones embryonic blood and of malernal blood in 
of the skeleton, is also not a small section of the placenta: 



characteristic of the human 
being. 

Unity in the animal 


1 — umbilical arteries: 2 — umbilical vein; ,? — villi 
enclosed in a space filled with maternal blood (A* the 
maternal blood flows in tliroiigli the arteries (,)) and 
out tlirouj^h the veins (ff). 


world. 'I'he simplest organ¬ 
isms that ever existed on the earth went tlirough stages of 


gradual development and were transformend into new organized 
forms of ever increasing complexity. Many millions of years 
passed before such varied and dissimilar species of animals and 
plants, which are found in the world to-day, made their appear¬ 
ance. But just as the branches of a tree have their origin 
in one common stem, so also all living creatures, no matter 
how mucli they may differ from one another, arose from one 
common life stem: tliey are tiie numerous branches of a single 


tree of life. 

The science of embryological development — embryology —• 
proves that all organisms, in their transformation from tiie egg celi 
to the adult stage, show traces, as it were, of a time long past, 
and .'tend to' repeat the separate stages in tiie history of the 


development of their ancestors. 
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There is no doubt that the rudimentary gills, found in the 
embryos of all vertebrates including man, prove that at a certain 
stage' in the development of life, the common ancestors of all 

vertebrates lived in the 
Cr\ water and, like fish, breathed 

through gills. 

J|)l I’ryo, in the course of its 
\J JS^ development, reflects only 

the most basic features in 



the organization of its an¬ 
cestors; but these features, 
nevertheless, give us an idea 
of the path of the develop¬ 
ment and origin of man. 

The further develop¬ 
ment of the foetus. At the 



Fig. M4. Early stages in the development of 
the embryo of a guinea pig (on the left), of 
a monkey (in the middle) and of a human 
being (on the right.) 

In each of the vertical rows are shown the successive 
slajfes ill the development of the three embryos res¬ 
pectively. 


end of the second month 
of embryonic development, 
the rudimentary gills disap¬ 
pear and points of ossifi¬ 
cation — the first islets of 
bony tissue, appear in va¬ 
rious parts of the cartila¬ 
ginous skeleton. By that 
time the differentiation be¬ 
tween arms and legs be¬ 
comes noticeable, and the 
whole body of the embryo 
acquires characteristic hu¬ 
man features; at tliis stage 
of development the embryo 
is called the foetus. The 
foetus lies in the mem¬ 
branes enclosing it as if in 
a spacious hdig.The amniot- 
ic fluid, which is inside 
the bag (Fig. 142), gives 
the foetus freedom to 


develop and also the possibility to move about. Moreover, it serves 
as a good buffer to receive the first shocks of any accidental 
jolts or knocks which the mother may get. The foetus grows and 
develops rapidly, so that at the time of birth it may be about 
50 cm. long and may weigh about 3 kil. 

In the course of the nine months of its life in the uterus, 
the embryo does not inhale air, nor does it digest food. All this 
is done for it by the mother. Therefore, if the kidneys, which 
remove unnecessary and harmful substances from the blood, do 
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not work weil^ in a pregnant woman, and it she does not take 
enough nourishing food, or if she does too strenuous work which 
over-fatigues her organism — all this will tell immediately upon 
the development and health of the embryo. That is why the con¬ 
cern shown for the health of a pregnant woman provides, at tlie 
same time, for the health of the future child. 


79. Special features In the development of a child 
and of an adolescent 

A new-born child. From the very first moment of its birth, the 
organism of an infant comes into direct contact with the external 
environment: it breathes, eats, eliminates waste products. Once 
the connection with the organism of its mother is cut off, the 
child immediately begins to accumulate, in its blood, carbonic acid, 
which was formerly eliminated through the placenta, riie accumu¬ 
lated carbonic acid irritates the respiratory centre and, as a result, 
the inspiratory and expiratory muscles begin their alternate con¬ 
tractions. The so-called first cry of the child is an indication that 
respiratory movements have begun. 

Together with the first cry come changes in the circulation 
of the blood. Before birth, when the lungs are in a collapsed state, 
only a very small amount of blood passes through tliem. The main 
stream of blood from the right half of the heart flows, not into 
the lungs, but directly into the left half of the heart through an 
opening which, in the foetus, is found between the right and left 
auricles, or into the aorta by means of a special duct that unites 
the aorta with the pulmonary artery. I'lie inflation of the lungs, 
caused by respiration, forces the pulmonary vessels to dilate, and 
thus the free movement of the blood along the small, or pulmonary, 
circuit of the circulatory system is provided for. 

'I'he opening between the auricles and the duct, connecting the 
pulmonary artery with the aorta, gradually fuses together and 
closes up; the continuous flow of the whole blood stream is estab¬ 
lished, finally, through both circuits of the circulatory system — 
the systemic and the pulmonary circuits. 

Growth and metabolism. At birth an infant weighs approxi¬ 
mately 3 kil. and by the end of the first year — about 10 kil. 
It is clear that, with such rapid growth, metabolism in an infant 
must be very intensive. And, indeed, an infant expends, for every 
kilogram of its weight, three times more energy than an adult 
person. 

The intensity with which metabolism goes on demands a greater 
supply of nutritive material and of oxygen. As a result, the organs 
of respiration and of circulation have a great amount of work 
to perform. 
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Respiration. A new-born infant cannot inspire deeply, and tlie 
necessary ventilation of the lungs is accomplished by an increase 
in the frequency of respirations. The number of inspirations per 
minute during the first few weeks of its life is about 60. Later, 
tlie respiratory movements become less frequent in proportion as 
tlie thorax grows larger and the muscles of the tliorax become 
stronger. 

The work of the heart. The frequency of the lieart-beats of 
a new-born infant is about twice that of an adult person, because 
the lieart muscle of an infant is weak and the blood vessels do 
not possess sufficient elasticity. 

Botli tlie pulse and the respiratory movements of a new-born 
child differ from those of an adult, not only in their frequency, 
but also in the irregularity of their rhythm, which changes often. 
This is due to the fact that the nervous regulation of the organs 
of circulation and of respiration is not stable enough. 

As the child grows, the heart becomes larger in size and the 
heart muscle becomes thicker and stronger. 

However, an excessive and prolonged physical load may lead 
to emaciation of the heart muscle. For tiiis reason, one must be 
very careful not to overload with physical work, not only a small 
child, but a young boy or girl as well, in order to avoid enlarge¬ 
ment of the iieart and to prevent any disorders in the work of 
the fieart. 

Nutrition. The food of the growing organism should contain 
a sufficient quantity of nutritive material necessary both for the 
normal work of the body organs and for their growth. Tlie more 
intensive the growth, the more proteins and fats the food should 
contain. Proteins are especially important, as they constitute tlie 
cliief material for the building up of new cells. 

Vitamins are very important for the normal nutrition of the 
growing organism. An insufficient amount of some vitamins retards 
the growtli and interferes with normal development. Besides those 
vitamins already known to us, vitamin D, soluble in fats, is abso¬ 
lutely necessary for tlie organism of a child. Vitamin D is con¬ 
tained in cod-liver oil, the yolk of egg, butter and other foods. 

In certain fats and in many plant foods there is a substance, 
soluble in fats, that is related to vitamin D. This substance is 
stored in the skin, and when acted upon by the rays of the sun, 
is partially converted into vitamin D. 

By exposing the skin to the action of the sun, one increases 
the supply of vitamin D in the organism. For this reason, it is 
especially important for children to be out in the sun. 

An insufficient quantity of this vitamin in food, or the com¬ 
plete lack of it, destroys the metabolism of minerals, and the 
content, especially, of calcium and phosphorus in the bones is 
reduced, which causes the bones to soften, the teeth to decay, 
and a number of other disorders. In the early period of a child’s 
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In five or six months after 
birth, the nutrition received exclu- P^^^s.9r 
sively by suckling proves to be - \\ 4 ®U- 5 ^^ 

insufficient, and the mother begins 

gradually to feed the child with WT 

farina, mashed carrots, cranberry ) V/>/ 

jelly and other food; by the time m j (^( 
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as that of an adult person: the J (i|| 

child may get soup, curds, finely ! I 'f| 

chopped meat, boiled fish, all kinds \;jj( |( 

of porridge and gruel, vegetables 

and fruit. -- 

'I'aking into consideration the f 'S- Skeleton of a iicw-honi 

insufficient stability of the nervous 
regulation of the heart in children, 

even older children should avoid the use of stimulating drinks — 
wine, strong tea or coffee. 

The bony-muscular system. The bones of the skeleton develop 
slowly and gradually (Fig. 145). 

At birth, the central part of most of the long bones consists 
of bony tissue, but the ends of the bones remain cartilaginous 
for a long time. Thus, the first islet of ossification appears in the 
lower end of the humerus only in the third year of the child’s life. 

The ossification of the skeleton is completed at about the age 
of 25. 


The skeletal muscles of an infant are very poorly developed 
and are not capable of making prolonged contractions. 

The strength of the muscles increases gradually, and the move¬ 
ments become more and more coordinated. At the age of 6 or 7, 
the child has a sufficiently free control of its muvscles and can 
easily learn to perform many gymnastic exercises, which require 
ability in balancing the body. However, long and intense strain 
of the muscles is still very difficult for a child. 
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School age marks the beginning of a period of intense growth 
of the muscles. At the age of 6, the skeletal muscles make up 
about 22®/o of the weight of the body; but by the time the boy 
or girl is 16, these muscles compose 35®/# to 40®/o of the weight, 
the same as in adults. 

Boys and girls of the age of 12 to 15 are capable of performing 
tlie most varied kind of work, no matter Iiow complex and fine 
the coordination of tiie movements required by such work may be. 
However, even if the muscles are well developed and strong, too 
prolonged and too intensive a strain should be avoided at that age, 
as it may injure the work of the heart. 

Each muscle pulls the bone to which it is attached in a definite 
direction, and thus exerts an influence on the development and 



1 i}(. 1 Hi. (Curves of the spinal column lliat are formed 
in silling and standing. 

growth of the bone, and on the position of tlie bone slats. The 
higher the muscle tone and the greater the power of the muscle 
contractions, the greater will be the influence exerted upon the 
development of the bone. Therefore, the growth of the muscles 
and the increase in their activity accelercSe the development of 
the skeleton and harden it. 

Consequently, plenty of motion is a necessity for a child and 
for an adolescent in order that the muscles, as well as tlie ske¬ 
leton, should develop normally. Setting up exercises, games of 
sport, walking excursions, develop the muscles, and at the same 
time develop and liarden the whole organism. 

The appearance of curves in the spinal column. There are 
hardly any curves in the spinal column of a new-born child. As 
a result of the increased tension (tone) of the muscles of the neck, 
the child, at 2 or 2V8 months, begins to lift up its head and then 
to hold it up. The constant pull upon the muscles at the back of 
the neck, which prevents the child from dropping its head forward, 
gives rise to a curve, or arch, in the spinal column at the neck. 

Somewhat later, when the child is able to sit up, a second 
curve appears — the thoracic curve; when the next step is reached — 
the upriglit position of the trunk of the body (standing or walking), 
the lumbar curve is developed (Fig. 146). 
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However, the curves of the spinal column easily change in the 
course of time,— depending upon the posture of the body. Thus, 
3 bent-over position will greatly intensify the thoracic curve and 
diminish the lumbar curve. If the carriage of the body is such 
that the trunk is inclined to one side, a side curve will appear. 
Frequent and prolonged maintenance of the body in an incorrect 
posture will produce habitual abnormal curves of the spinal column, 
which will gradually become more and more fixed, and turn into 
a diseased condition — curvature of the spine. 

At school age, and especially after the age of 10 or 12, wlien 
rapid ossification of the skeleton is going on, a curvature of tlie 



Fig. 147. Incorrect and correct posture when silling at a desk: 

1 — incorroct posture of 11 k; body when the desk is loo low; *2 — incorrect po.sture 
when the desk is too hi^fh; 3 — correct posture wliei) the desk is of the ri;>;ht 

heiglit. 


spine that has developed cannot be corrected and lias a bad effect 
upon the general physical development, the work of tlie organs of 
respiration and even on the working capacity. 

For this reason it is very important to pay attention to correct 
posture while working. Figure 147 shows the correct posture when 
sitting at a desk. It is not less important to maintain good posture 
when standing and walking. 

The nervous system. The nervous system absolutely takes part 
in all of the processes that go on in the organism. The coordi¬ 
nated reactions of the whole organism, as well as the work of 
each separate organ, depends upon the degree of development of 
the nervous system. There is, therefore, nothing strange in tlie 
fact that, at the moment of birth, the nervous system is already 
formed to a considerable extent. 

The weight of the brain of an adult person is about 2% of 
the weight of the body, but in a new-born child it composes 
12®/o to 14®/o of the weight of its body (Fig. 148). By the time 
the child almost reaches school age, the weiglit of the brain is not 
less than 80®/« of the weight of the brain of an adult. 
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The development of the brain corresponds to the growth of the 
skull. The height of the head of an adult person is */* of the height 
of the whole body, but in the new-born child it is Vi (Fig- 149). 

Evidently, new nerve cells can be formed only in the period 
of development within the uterus. In otlier words, the size of the 
brain increases after birth as a result of the growth of tlie nerve cells, 
and not because the number of nerve cells increases. The tree-like 
projections (dendrites) grow especially fast. 

In a new-born child, the cortex of the cerebral hemispheres 
functions very weakly, although conditioned associations may al- 

ready be formed. Gradually, the movements 
become not only more varied, but more 
expedient, in proportion as the correspond¬ 
ing parts of the brain develop. This shows 
that the cerebral cortex takes an ever in¬ 
creasing part in motor reactions. 

The building up of conditioned reactions, 
chiefly food reactions, begins in the first 
few weeks of a cliild’s life. Very soon de¬ 
fence conditioned reflexes appear: the child 
cries, and jerks away its arm wlien only 
one signal of an unconditioned stimulus is 
used, for example, if somebody threatens 
to strike it on the hand. By tlie end of 
the first year, conditioned associations 
with speech stimuli have been formed in 
the cerebral cortex. 

The development of the cortex of the 

Fig. 148. Size of the brain hemispheres (tlie growth of the 

in relation to the iieiglit of nerve cells and their projections) continues 
a new-born c hild and of an in the course of many, many years. The 

associations between the various cells of 
the cerebral cortex increase in number and 
in complexity from year to year. In proportion as the associations 
increase, the higher nervous activity of the child increases in com¬ 
plexity. However, up to adolescence, the cells of the cerebral cortex 
still have a tendency to become quickly exhausted and to break down. 

The processes of excitation and of inhibition irradiate rather 
easily in the cerebral cortex of a child and of an adolescent. This 
accounts for the lower degree of concentrative attention peculiar 
to children. 

In order that the development of the nervous system, especially 
of its higher division — the cortex of the cerebral hemispheres — 
should proceed normally, it is of the greatest importance to observe 
the basic rules of hygiene and, particularly, to organize a regular 
daily regimen. 

The endocrine glands. The role of the separate endocrine 
glands differs at various periods in one’s life. Thus, for example. 
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in the first few years of a child’s life, the thymus gland, located 
in the thorax, behind the sternum, is of vital importance for normal 
powth and development. Later, this gland lags behind in growtir, 
by the time the child is 12 or 15, the gland is much reduced in 
size; besides, the glandular tissue is replaced, to a considerable 
extent, by fatty tissue. 



The sex glands develop very rapidly between the ages of 12 
to 15, and their hormones bring about profound changes in the 
activity of the whole organism. These changes are not limited to 
the appearance of the secondary sexual characters. General changes 
in the activity of the whole organism, including the cerebral 
cortex, take place side by side with changes in the voice, the 
appearance of a hairy growth on the face of the male, changes in 
the shape of the body. In this transitional stage of growth, ado¬ 
lescent boys and girls lose some of that activity and love of 
mischief which are so characteristic of pupils of the first classes 
at school. Tlie attention becomes more concentrated and steady. 
Perseverance appears. 

80. Safeguarding the health of children and of adolescents 

Infaht and maternity welfare. There is not one country in the 
world that can compare with the U.S.S.R. in the measures taken 
to safeguard the health of the rising generation. 

Soviet laws take care of the child from the very moment it 
begins its life in the uterus. Pregnant women who work get a 
leave before and after giving birth, and are compensated for tlieir 

249 



work-time. During pregnancy and after giving birth, a woman 
may have the advice of special physicians, free of charge, as to 
the care of her own health and that of her infant. There are spe¬ 
cial consultations for that purpose. A woman may leave her child 
in a public nursery while she is working. A mother receives a 
sum of money at the birth of the third child. At the birth of the 
fourth child (and of any subsequent children), the state pays the 
rnotlier a monthly compensation for five years running. 

All these measures for infant and maternity welfare have brought 
about a sharp decline in the death-rate of children. Thus, for 
example, the death-rate of infants in Moscow is just about half 
of what it was before the Great October Socialist Revolution. 

Sanatory measures. There is a whole system of sanatory institu¬ 
tions in the Soviet Union which are at the service of children and adole¬ 
scents: sanatoriums, sanatory and open-air schools, sanatory camps 
for young pioneers, sanatory summer playgrounds and colonies. 

All public nurseries, kindergartens, schools and other institu¬ 
tions, in which healthy children may be found, are under constant 
supervision and inspection by special physicians. Breakfasts are 
given at schools. 

Safeguarding juvenile iabour. By taking power into its own 
hands, tlie proletariat completely liquidated the exploitation of 
any kind of labour, including child labour. Young boys and girls 
may get into a factory or shop through an industrial school, where 
they are taught to become skilled workers of a trade or profession 
of their own choosing. 

'I'he participation of juveniles in industrial work is so regulated 
that the Work does not affect their health, and serves only as a 
means for the correct and all-round development and hardening 
of tlie organism. Juveniles are not given any specially injurious 
or strenuous work to perform. 

All juveniles working at factories undergo a medical exami¬ 
nation once a year, on the basis of which necessary sanatory 
measures are taken for those in need of them. 

Juvenile workers receive additional vacation, and are sent to 
houses of rest, sanatoriums, health resorts. 

REVIEW QUEvSTIONS 

1. What arc the female and male sex cells called, and what is their structure? 

2. Describe the process of fertilization. 

3. Describe the development of the embryo and of the foetus within the uterus. 

4. What points of similarity are there in the development of the embryo 
of a human being and that of an animal? What does that prove? 

5. What are the specific features of development in a child and in an 
adolescent? 

6. Of what importance is vitamin D? 

7. What important factors should be remembered in regard to the npurish- 
raent of the growing organism? 

8. ilow is the health of children and of adolescents safeguarded in the 
Soviet Union? 
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APPENDIX 

1. COMPOSITION OF THE MOST IMPORTANT FOODS 




Per cent | 

Number of 
calories in 

1(X) fir. or food 

No. 

Name of the food 

Pro¬ 

teins 

F^ats ^ 

[2arbo-liy- 

drates 


1 

3 1 

4 

5 

G 

I 

Sunflower oil and oilier kinds of 
vegetable oils . 


97 


880 

o 

Wheal flour. 

10 

0,5 

0,4 

0,5 

0,2 

0,5 

1 

72 

335 

3 

4 

Wheat bread. 

6 

.50 

75 

230 

Rye flour. 

8 

335 

5 

Rye brt*ad. 

4 

48 

210 

0 

Rice (polished). 

7 

76 

336 

7 

Buckwheat. 

9 

70 

65 

330 

8 

9 

Millet. 

13 

0,8 

320 

Farina (semolina). 

8 

75 

332 

10 

11 

r> 

pearl-barley .. 

9 

9 

68 

326 

Barley . 

11 

2 

65 

322 

r^orn r^mai7el . 

10 

0,6 

6 

66 

310 

Is 

14 

ir» 

lij 

Oatmeal , .. 

12 

65 

360 


11 

0,3 

0,5 

0,5 

2 

70 

327 

Peas , r. 

16 

45 

250 

I entils . 

18 

45 

260 

lU 

1 7 

Beans . . , . ,. 

24 

32 

48 

305 

J 1 

18 

10 

Soya beans . 

16 

29 

390 

Pf>1 aloes . 

9 

20 

88 

1 if 


\ 

1 

_ 

11 

60 


Carrots...* 

0,2 

0,4 

0,5 

0,2 

9 

42 

Ji 1 

Sorrel.. 

2 

3 

24 

90 

Fabbacre fresh .. 

.3 

9 

52 

Zo 

9/1 

i 11 prWrfl II t ... 

1 

4 

22 

Z4 

Tomatoes . 

0,7 

1 

3 

16 

zo 

9fi 

Pnmnkin. 

_ 

5 

25 

ZD 

97 

Veoetables dried .. 

12 

1,5 

45 

242 

Z / 

OQ 

\7f»fTetables tinned* 



ZO 

p 1 ecrcrolant. 

1,5 

12 

5 

135 


**/ ^&&F'*‘***^. 

bl sauash . 

1.5 

6 

8 

92 

OQ 

c) stuffed eggplant and peppers. . 
Mushrooms fresh .. 

1,3 

3 

5 

0,3 

8 

4 

82 

30 

zy 

on 

Mushrooms dried .. 

25 

2 

30 

238 

oU 

Q1 

A riTilpG nears 

0,4 

1 

__ 

13 

54 

ol 

^9 


— 

13 

56 

oz 

00 

Grapes.. 

0,6 

— 

18 

75 

00 

34 

Raspberries, currants, strawberries. . 

1 

2 

0,3 

8 

62 

36 

260 

OO 

36 

Jam and jelly made of berries, 
/on an averacrel.. 

0,4 


60 

245 

^7 


15 

60 

7 

630 

400 

Of 


— 

— 

lOO 

OO 


0,3 

— 

80 

321 

460 

350 

150 

Oif 

/in 

(hoeolate . 

5 

20 

65 

A] 

Cocoa . . 

22 

20 

20 

*± 1 

Peef /on an aversfrel ..•••••• 

19 

8 

— 

4z 

Vpjil *••••••• 

19 

5 

— 

120 

40 

V eai „ . 


— 
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Codtiduation 


No. 

Name of the food 

Per cent 

Number of 
calories in 

1(X) gr. of food 

Pro¬ 

teins 

Fats 

Carbo-hy¬ 

drates 

1 

2 

3 

4 

5 

6 

44 

Pork, (on an average). 

16 

20 


245 

45 

Mutton „ . 

17 

16 

— 

215 

40 

Ham „ . 

24 

20 

— 

275 

47 

Sausage (bologna), boiled. 

20 

15 

4 

230 

48 

Sausage, smoked. 

17 

14 


195 

49 

Sausages (frankfurters). 

14 

13 

1 

180 

50 

Liver, (calf, sheep, ox). 

18 

3 

3 

111 

51 

(thicken, meat, fat. 

18 

9 

— 

155 

52 

Goose meat, (on an average) .... 

16 

30 

— 

335 

53 

Lard. 

— 

99 

— 

891 

54 

Tinned meat, stewed. 

18 

12 

1 

185 

55 

Sturgeon, Caspian roach, bream, carp 

17 

5 

— 

115 

56 

Pike-perch, pike. 

18 

0,3 

— 

75 

57 

Herring, salted. 

19 

13 

I 

200 

58 

Caspian roach, dried. 

45 


— 

270 

59 

Caviar. 

30 

' 14 

2 

254 

60 

Cod liver oil. 

— 

99 

— 

891 

61 

Fish in tomato sauce, tinned .... 

12 

6 

1 

106 

62 

Eggs, chicken. 

14 

11 

0.4 

157 

63 

Cow’s milk, whole. 

3,5 

3,5 

5 

; 66 

64 

Sour cream. 

4 

30 

3 

300 

65 


20 

5 

2 

133 

66 

Cream-cheese. 

15 

40 

1 

425 

67 

Cheese with a high fat content 






(Russian-Swiss). 

23 

25 

3 

330 

68 

Cheese with a low fat content 






(Dutch cheese) . 

35 

4 

2 

185 

69 

Butter. 

0,5 

80 

0,5 

730 

70 

Butter, boiled. 


97 


880 


2. VITAMIN CONTENT IN THE MOST IMPORTANT FOODS 


No. 

Names of the foods 


Vitamins 


Ai 

B 

c 


2 

3 

4 

5 

■■ 

Vegetable oils. 

0 

0 

0 


Wheat flour, fine. 

0 

0 

0 


Wheat flour, coarse. 

0 


0 


Wheat bread. 

0 

0 

B 

Flour from whole grain. 

0 

++ 

0 


‘ The content of yellow pigment (near vitamin A) is shown in plant 
foods. 
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Continuation 


No. 


Names of the foods 



Vitamins 

A 1 



3 

4 

5 


6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
1() 

17 

18 

19 

20 
21 
22 

23 

24 

25 
2 (> 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 


Rye bread . 

Millet, farina (semolina), pearl-barley . . 

Huekwlieat.. 

Oalmctnl . 

Rice, whole. 

Rice, polished. 

(.'orri (maize). 

Soya beans. 

Peas. 

Pods of peas and beans. 

Green peas . 

Lentils. 

Potatoes, boiled 15 minutes. 

Potatoes, boiled one hour. 

Hoots. 

Carrots. 

Carrots, boiled. 

French turnips. 

Turnips. 

Tomatoes, red. 

Radishes. 

Lettuce, dark j^reen. 

Lettuce, light green. 

Sorrel, spinacii. 

Scallions. 

Onions. 

('ll cumbers. 

Ca))bagc, raw. 

(.'abbage, boiled. 

Sauerkraut. 

(.'auliflower, boiled. 

Apples. 

Pears. 

Apricots. 

Tangerines, oranges, lemons. 

Water-melon. 

Melon. 

Grapes. 

Raisins. 

Cherries . 

Gooseberries . 

Prunes . 

Raspberries, strawberries. 

Currants, black. 

Berries of the dried briar, berries of 

the mountain ash . 

Nuts. 

Mushrooms. 


0 

0 

0 

0 

0 

0 

I 

0 

0 

0 

!.j-l-f 


+■ 


0 
0 


0 

0 

"h 

0 

+]!i- 




+o'- 

t'-p 

ih 


'h 

! . 

It 


+ 




0 

+ 

tit 


++ 


4 




+- 1 - 


+- 


+.4 


t 


++^-h 

0 


• The content of yellow pigment (near vitamin A) is shown in plant 
foods. 
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Continuation 



Names of the foods | 


Vitamins 


No. 

k^ 

B 

G 

1 

2 

3 


\ 

5 

53 

Barm . 

+ 

4^l"'l'4~ 

0 

54 

Fir and pine needles. 

-f- 4- - 


? 

4-H- 

55 

Different kinds of meat and poultry . . 

4- 

'■f 

- 1 - 

4- 

56 

Meat, tinned. 

0 



0 

57 

Liver, kidneys. 

Fisli, fresh. 

4-4-11- 

-h 

-4- 

+.4 

5S 

-f- 




59 

Fish, salted or tinned. 

0 

- 

- 

-i- 

60 

Eggs, chicken.; 

4.1-1- 


- 1 - 

0 

61 

Cow’s milk in summer.1 

■ -h 

- 

4 - 

62 

Cheese with a high fat content. 

,4 

- 

- 

0 

63 

64 

65 

66 

67 

Curds. 

Butter (in summer when cows graze in 

the fields). 

Butter (in winter). 

Cod livpf oit. , , , , - t , » - . - . 

0 

4 1- 

1 4 _u 

i 

) 

0 

0 

0 

0 

Beef fat.. 

1 1 

0 

0 

68 

Pork fat. 

0^ 

0 

0 


Symbols for table 2 


[4 


0- absence of or very sinall vitamin content; 

-sinall vitamin content; 

-sufficient vitamin content; 

-large vitamin content; 

-very large vitamin content; 

?—vitamin content unknown. 


The content of yellow pigment (near vitamin A) is shown in plant foods. 
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Ta6;iHua 1. PacnojioHCCHHe BHyrpeHHiix opraHoe: 

1 — ropraHb; 2 — rpaxen; 3 — KJiiowHua (nonepeMHbijf paapea); 4 — BepxHaa noBaa acHa; 5 — aopra; 
6 — iipaaoe a^rKoe; 7 — acBoe aeraoe (ori HHyTo b cropOHy, 4 to6m odnaMCHTb cepaue); 5— JiCroMiiaa 
aprepHB; cepAue; 70 — oicojiocepAeHHaa cymaa; //- njieapa; 72 — AHa(|>parMa; 75 — mmuium 
<B paspeae) ; 14 — pc6pa (b paspeae); 75 — neneHb; 16 — HcejjyAOK; 17 ~ caabHHK; IB - tomkhc 
khuikh; 19 — ToacTbic khuikh; 20 — koskb h noAKOMCHaa KACTHaTKa (b paapeae); 27 — caenaa 
KHiiiKa c MepBeo6pa3HbiM orpocTKOM; 22 — dpioiuMHa; 23 MoqeBoil nysbipb. 






Ta6;iiii;a II. CxeMa KpoBOo6paiueHHfl h jiHM4>oo6pameHHfl: 

KpacHbiM ueeroM o6o3HaMeHbi cocyAbi, no KOTopuM Tenex apTepHa;]bHaH KpoBb; cmhhm — cocyAbi c ae- 
HOSHON KpOBbK); AHAOBbIM UBeiOM nOKaSHHa CHCieAia BOPOTHOH BCHbi; )KCATbIM—AHM4)aTHHeCKHe COCyAbi: 
/ — npaeafi noAOBHHa cepAua; 2 - Aesafi noAOBMHa cepAua; 3 — aopra; 4 — Aeromibie bchw; 
5 -- BepxHHH H noAbic BeHbi; 6 — AeroHHafl apTcpMB; 7 ~ }KeAyAOK; 8 — ceaeacHKa; 

9 — noAweAyAOMNaB >KeAe3a; 10 — khuikh ; 77 — Bopoxiiafi BCHa; 72 — nencHb; 13 <— noHKa. 
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Ta6;iMua 111. Kposb: 


BM KDOBH noa MHKpOCKOnOM: / — KpaCHblC 

,ua; 2 6ejio« xeame; B - ‘’*■“‘“*5"?!?- 

KDOBH (BHH3y paSJiMMHbie BHflbl OeBblX TCJieU 

•‘C.OM V.VHMeHHM); B - T.BblU 

DBexi (cieBB) H jiBnruiKH (cnpBM) np H oamiB 
OM yBeBHMBHHH; r-KpOBk. 

rn^nrklBaHHfl nOCJIC AJIHTCBbHOrO OTCTaHBBHHJI, 
KAy’^BCpXHHM MOeM (nBa3MO«) ^ 
ictmmh iMbuaMii) BBfleH tohkhB ecjioaaTuli cjioH 
6eAbIX TCACU. 



Ta6;iHua IV. MHKpocKonHHCCKoe crpoeHMC noHKH (cxeivia). 

CjieBa-Hapy)KHbiii (I) h BHyTpeHHHtt (11) cjioh homkh. CnpaBa-npH 6o;ibuiOM 
yBeJiHweHHH OTAeJibHuii KJiy6oHeK c Kancyjioi) h HanajiOM Kanajibua: 

1 — Kancyxa c Kay6oHKOM cocyAOS b hcM ; 2, 3, 4 — paaaMHHbie yMacTKH Kauajibiia; 5 — Tpy6KH| no 
KOTopbiM H3 KaHaAbues MOia npoxoAHT B noMCHMyio AOxaHKy; 6 — apTepna; 7 — cocya, npuHocnuuHtt 
KpoBb K XAy6o4Ky; 8 — cocyA» BbiMOcnmHii xpoBb H3 KAy6o4Ka; 9 — KanHXAnpbi, onneraioujiHe 

KBHaAbUbi; /O—BCHa. 






Ta6jiHuaV. HepsHasi CHcreMa HeJioeeKa (cxeMa): 

/ — rojioBHoM M03r; 2 —cnHHHOff Mosr; 3 — aorpaHHMHbiif ctboji CHMnaTHMecKoil chctcmu ; 4 — HcpsHbie 
CHMnaTHHecKHe yaaw m aopre (cojtHCBHoe cnaerciiHe); 5 — 6jiy}KAaiomHfi ’(napacMMnaTHHecKH« 
Heps). CHMnaTHHecKHC Hepau Aanu aea^HUM iibctom, napaCHMnaTHHecKHC }K^aTbiM« ocraabHbie 

HCpBvi — SeabiM. 





Ta6;iuua VI. CxcMa pe(t)JieKca: 

CjieBa.1>e(t>JieKTopHbie AjrrH, cocToumHC h 3 AByx h rpex HeffpoHOB; cnpaBa-cxeMa KoacHHoro pecfiaeKca; 
ueHTpo6e)KHbie HeitpoHbi H3o6pa)KeHbi xpacHbiM ubctom, ueHTpocTpeMMTeabHwe — nepHbiM (or cyxo>KMaMn) 
H CHHHM (OT konch), npoMOKyTOHHbic - seacHbiM; crpeaKH noKasuBaioT nyxb pe<|)aeicca or cyxoMCHJiMR, 
nepea cnHHHoK Moar, k Mbiuiue; aaiurpHxoBaHHbiJi HcftpoH odoaHanaeT TopMO)KeHHe ucHtpa Muumu 

npoTHBonoaoMCHoro acKctbhb. 




B/iymAaiomMH 

HepB 


CnMHHOM Moar 


CMMnaTMMeCKMft 

norpaHHMHbifi 

CTBO/I 


CviMnaiMMecKMe yanw 



VCAOBHbie UBCTa 
riapacMMnaTHMecKMe nepebi 
DepBbiii CHMnaTMHecKHA HeApoH 

BropoA cHMnaTHMecKHi) HeitpoH 


C/iiOHHafl me/ieaa 


CepAue 


OpraHbi 

nmueBapeHMH 


flpaMan KHUJKa 

nyawpb 


Ta 6 jiHua VII. CxeMa BereTaTWBHoft HcpBHoft chctcmw. 







TadjiMua Vlll. CrpoeHMe oprana apeHHfl (eepxHHii pHt^HOK) h oprana cayxa 

(ABa HH)KHHX pHcyHKa): 

Fjiaa: / — 6ejiKOBaH o6oaoHica; 2 — cocyaHcraa odoaoHxa; 2 —cerHaTKa; ^ pecHMHHaJi Munim; 
5 — paAy>KHaa o6oJioHKa; 6 — poroBHua; 7 — xpycrajiHK; 8 - crexjiOBHAnoe reao; 9 — 3DHTeABHutt 
Heps; /0~rjia3Hbie MMumu. Yxo: / —xpBiu b Toame yiuHoif ptKOBHHu; 2 —Hapy)KHMff cayxoBoB 
npoxoa; 3 - oapaoaHHafi nepenoHKa; 4 — eecTaxHCBa Tpy6a; 5x-cpeAHee yxo; 6 — BHyrpeftHeeyxo; 
7 — BHyTpeHHBH noBcpxHocTb 6ima6aHHoB nepenoHXH; 6 — MoaoTOMeK; 9 — HaKOBajihKX; tO — crpBMX; 
//— noayKpy}KHiiie xaHajiu; /a —oTojiHTOBbitt annapar; /2yaNTxa; /•# — uepa, OTXojviiaKa or 
noayxpyxcHbix xaHaaoB m OTOaxTOBoro annapara; 15 — HepB, OTxojuitiuiii or yaimcii. 
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